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ORIGINAL ARTICLES 


CHEMICAL CHANGES IN THE BLOOD IN DISEASE* 


By Victor C. Myers, Pu.D., NEw York City 


INTRODUCTION 


CCURATE data on the chemical composition of the blood, especially of the 

nenprotein fraction, are of comparatively recent origin, and are primarily 
the result of American observations with American methods. We owe largely 
to Folin, Benedict, and Van Slyke the development of the methods which have 
made this work possible. The practical information which these methods have 
made available has been especially helpful, since they have given us very valu- 
able data on just those conditions on which the older methods of blood examina- 
tion, cytology, bacteriology, serology, gave little information—reference is made 
principally to such constitutional conditions as nephritis, diabetes, and gout. 

Although it is the primary object of the present paper to consider those ob- 
servations which have served as a guide to the diagnosis and treatment of dis- 
ease, it may be well at the outset to indicate the rather broad scope which chem- 
ical methods have recently taken in the study of the blood. They have included 
methods for the blood volume, the blood proteins, serum albumin and globulin, 
improved methods of hemoglobin estimation; methods for the determination of 
the nonprotein nitrogen and its individual components, urea, creatinine, uric 
acid, amino acids, creatine and ammonia; methods for sugar, and for the lipoid 
constituents, fat, lecithin and cholesterol; methods for the mineral constituents, 
chlorides, phosphates, calcium, magnesium, potassium, sodium and iron; meth- 
ods for the blood gases, carbon dioxide, carbon monoxide and oxygen, and meth- 
ods for the hydrogen ion, the acetone bodies, phenol, and such enzymes as dias- 
tase, catylase, etc. 


*From the Laboratory of Pathological Chemistry, New York Post-Graduate Medical School and 


Hospital. 
This is the introductory part of a paper read in Symposiums on the Clinica] Examination of the 
Blood before the New York Academy of Medicine on April 17, 1919, and the Cleveland Academy pf Med- 
icine on October 17, 1919. The present paper is the first of a series of papers to appear on this topic. 
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As already pointed out, these methods have yielded especially helpful in- 
formation in diabetes, nephritis, and gout, while the data obtained in renal dia- 
betes, infantile conditions such as tetany and the diarrheal acidoses, in eclampsia, 
malignancy, cholelithiasis, pernicious anemia, disorders of the ductless glands 
and various urologic conditions, have given us a new point of view regarding 
many of these disorders. 

3efore proceeding to a discussion of the pathologic variations in the com- 
position of the blood, it may be well to indicate in tabular form the range of 
changes usually encountered in several common metabolic disorders. From an 
inspection of Table I it will be apparent that the tests furnish information of 
great value in diagnosis, prognosis, and treatment. Data are given on nine dif- 
ferent blood constituents, the first five of which are regarded of special signifi- 
cance, and are arranged in order of their supposed clinical importance; viz., 
urea, sugar, CO,-combining power, creatinine and uric acid. 

A discussion of the various conditions wil! be taken up in the order in which 
they are presented in Table I. It is difficult to draw an arbitrary line indicating 
where normal findings end and pathologic begin, but it is believed safe, when the 
blood is taken after a 14-hour fast (in the morning before breakfast), to regard 
a urea nitrogen above 20 mg. and a sugar above 0.15 per cent as quite definitely 
pathologic, ete. 


RENAL DIABETES 


It will at once be noted in the case of renal diabetes that the blood sugar is 
perfectly normal, and it is only when a knowledge of this fact is at hand that a 


definite diagnosis of this rather uncommon condition can be made. Here the 
threshold point of sugar excretion is below the level of the normal blood sugar. 
Broadly considered, renal diabetes may be regarded as a condition of glycosuria 
(glycuresis*) not dependent upon a temporary increase of blood sugar in an in- 
dividual free from symptoms of diabetes mellitus. It should perhaps be noted 
that mild glycosuria occasionally appears to be associated with parenchymatous 
nephritis’ in which case a slight hyperglycemia may be present, but quite without 


influence on the glycosuria. 


DIABETES MELLITUS 


In diabetes the examination is primarily directed to the determination of the 
sugar, although in advanced cases the acidosis, as indicated by the CO,, may as- 
sume greater significance. Here the condition of lipemia may develop, and of 
this the cholesterol is a particularly good index. 

It should be remembered that the excretion of sugar by the kidney is simply 
one of the body’s many factors of safety, in fact it may be compared with the 
safety valve of a steam boiler. The real condition to which attention should be 
directed is the hyperglycemia, and as the disease advances the glycosuria be- 
comes less and less a safe criterion of this, since the permeability of the kidneys 
for sugar appears to be gradually lowered. Normally the blood sugar varies 
from 0.09 to 0.12 per cent and in early cases of diabetes one may note an excre- 
tion of sugar when the sugar of the blood rises above 0.16 or 0.17 per cent, but 
in advanced cases showing nephritic symptoms, blood sugar figures of 0.2 to 0.3 
per cent, and even more, may be noted without the appearance of any sugar in 
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the urine. We have observed that the diastatic activity® of the blood is propor- 
tional to the blood sugar in untreated cases and appears to be the blood sugar 
determinant. In those cases which develop a severe acidosis, the CO, determina- 
tion of Van Slyke is a much more reliable and valuable index of the acidosis than 
any urinary determination. Any extended medical treatment or surgical inter- 
ference should not be attempted on a severe diabetic without a knowledge of the 
blood sugar and the alkali reserve of the body as indicated by the CO, of the 


blood. 
GOUT 


The blood in gout is characterized by its rather high content of uric acid, 
figures of 4 to 10 mg. It should be borne in mind, however, that early cases of 
interstitial nephritis disclose similar figures, although here there is generally a 
tendency for urea retention as well. Since a purine-free diet lowers the blood 
uric acid, treated gout cases may occasionally be encountered where the uric 
acid is only slightly elevated. The estimation of the blood uric acid is a valu- 
able aid to the diagnosis of gout, but only when considered in connection with 


the clinical symptoms and other laboratory findings. 


NEPHRITIS 


There would appear to be little doubt that early cases of chronic nephritis 
are accompanied by an appreciable rise in the blood uric acid, although a rise in 
the blood urea can probably be taken as a safer sign of impaired kidney function. 
It is certainly true that the urea nitrogen falls within very narrow limits for 
perfectly normal individuals. As soon as one passes to hospital patients, how- 
ever, figures above 15 mg. of urea nitrogen are found. Figures over 20 on the 
usual restricted diet of the hospital would suggest impaired kidney function. 
Creatinine appears to be more readily eliminated than either uric acid or urea, 
and it is not, as a rule, until the blood urea has doubled, or more than doubled 
the normal, that there is a very appreciable increase in this purely endogenous 
waste product derived apparently from muscle metabolism. The normal for the 
creatinine of the blood is approximately 1 to 2 mg. per 100 c.c. and figures over 
3.5 mg. can be viewed with grave concern, while figures over 5 mg. are almost 
invariably indicative of an early fatal termination.’ The only possible exceptions 
are cases where the retention is due to some acute renal condition, such as acute 
nephritis and mild bichloride poisoning. How these changes gradually come 
about is well brought out in the accompanying staircase table (Table II). 

The inability to properly excrete the waste products of nitrogenous metabol- 
ism is only one of the difficulties which arise as the result of renal disease. As 
is well known, in parenchymatous nephritis, or nephrosis, the edema is probably 
dependent, in part at least, on the lowered permeability of the kidney for chlo- 
rides with their consequent retention. It is natural, therefore, to expect that the 
excretion of other salts should be deficient, although we have only recently come 
to appreciate the effect of the retention of phosphates. Normally, acid phos- 
phate provides one of the most important mechanisms of eliminating acid. When 
the phosphate excretion is impaired, bringing about an increase in the (acid) 
phosphate of the blood® (and tissues), an acidosis results, which may be quite as 
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severe as that resulting from diabetic ketosis, judging from the CO,-combining 
power of the blood. All cases of advanced interstitial nephritis suffer from 
acidosis,’® and in some cases this is apparently the actual cause of death. It 
may also be noted that cases of acute nephritis occasionally show marked acido- 
sis. When this is relieved by the administration of alkali or otherwise, a simul- 
taneous clinical improvement takes place. 

In parenchymatous nephritis, if we may be allowed to use this term, the 
findings are quite different. Here the nitrogen retention is comparatively small, 
although, as noted above, the examination of the blood may disclose a retention 
of chlorides. The figures for urea nitrogen seldom exceed 30 mg. except in ter- 
minal stages of the disease, and generally fall between that figure and 15. 

It is of interest in this connection to note that many advanced cases of 
malignancy," possibly as a result of the toxemia, give the chemical blood picture 
of moderately severe nephritis, also that many cases of pneumonia show definite 
evidence of nitrogen retention, while in the terminal stages of the disease a 
severe acidosis quite generally develops. 

It is apparent from the observations of Losee and Van Slyke? that eclampsia 
is accompanied neither by nitrogen retention nor severe acidosis. Although these 
observations are essentially negative, they are very helpful in that they show 
that this toxemia is not a “uremia.” 


These facts regarding the nitrogen retention and acidosis of nephritis are 
worthy of consideration from a surgical as well as from a medical point of view, 
especially when one considers that a very appreciable fall in the CO,-combining 


power of the blood may result from the use of a general anesthetic such as ether. 
When the acidosis is already pronounced, it is easy to imagine what may happen 
from the additional fall of 10 to 15 volumes per cent, such a fall being not un- 
common in individuals without acidosis as the result of ether anesthesia. 


PROSTATIC OBSTRUCTION 

The blood urea has been found to be a very valuable preoperative prognostic 
test in cases of prostatic obstruction.’? Cases showing urea nitrogen figures 
under 20 mg. per 100 c.c. of blood may be regarded as good operative risks so 
far as the kidneys are concerned. When the urea nitrogen figures are found be- 
tween 25 and 30, the patient should be operated on with considerable caution 
and best after a period of preliminary treatment directed to relieve the nitrogen 
retention. Urea nitrogen figures over 30 mg. are very good evidence of renal 
involvement, and therefore afford a rather poor operative prognosis. 


CHOLELITHIASIS 

Since gallstones are largely composed of cholesterol, it is reasonable to sup- 
pose that their appearance might be associated with an increase in the cholesterol 
content of the blood. Although it seems quite probable that a hypercholesterol- 
emia is present during the early period of the formation of the calculi, analytical 
data show wide variations in the blood cholesterol,* 7° the findings ranging from 
low normals to figures that are definitely increased. This being the case, it is not 
possible to employ the cholesterol estimation in the blood as a satisfactory means 
of diagnosing cholelithiasis. 
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PERNICIOUS ANEMIA 
It is of interest that in pernicious anemia the cholesterol content of the 
blood plasma is markedly decreased.** When the antihemolytic action of cho- 
lesterol is recalled, it will be seen that this observation may possess some prac- 
tical significance. The therapeutic administration of cholesterol in this con- 
dition has received attention from Italian investigators and has apparently been 
followed by beneficial results. 


MISCELLANEOUS CONDITIONS 


Sufficient has been said to indicate the practical value of the chemical analy- 
sis of blood in pathologic conditions, especially those of a constitutional nature, 
although many others might be mentioned. In the diarrheal acidosis of infancy 
the CO,-combining power has been very helpful in pointing the way to an accu- 
rate diagnosis and therapy. Disturbances of an endocrine origin have long been 
recognized to be associated with a change in carbohydrate tolerance. The esti- 
mation of the blood sugar after the administration of a suitable amount of car- 
bohydrate has afforded a much more reliable method of bringing out deviations 
in tolerance than the older technic of examining the urine. In leucemia it is 
of interest that we frequently find a very marked increase in the uric acid con- 
tent of the blood. 

DIFFERENTIAL DIAGNOSIS 


The physician encounters many conditions where a knowledge of the chem- 
ical blood findings is of great assistance in differential diagnosis. One of these 
has already been mentioned, viz., renal diabetes. Without a knowledge of the 
blood sugar content it is scarcely possible to suitably differentiate this condition 
from diabetes. The estimation of the blood uric acid is often of considerable 
assistance in the differential diagnosis of gout and arthritis, the uric acid being 
essentially normal in the latter condition. Cases are sometimes encountered 
which clinically might be diagnosed as cases of essential hypertonia without a 
knowledge of the chemical blood findings, but these disclose a high uric acid, 
definite urea retention and figures for creatinine somewhat higher than one 
would ordinarily expect from the urea, a picture which appears fairly character- 
istic of nephritis of the arteriosclerotic type. In essential hypertonia one may 
find a fairly marked increase in the uric acid, but obviously no urea or creatinine 
retention. Cases of apoplexy present some of the clinical symptoms of uremia, 
but negative data on the urea and creatinine of the blood definitely exclude “ure- 
mia” as the cause of these symptoms. Such cases should not be passed over, 
however, without a knowledge of the CO,-combining power, as cases of acute 
nephritis are sometimes encountered without nitrogen retention but with pro- 
nounced acidosis.” 

COLORIMETRIC METHODS 


It is perhaps appropriate that some remarks be made regarding the very 
sensitive quantitative methods which have been developed for the chemical an- 
alysis of blood. The determination of the nine constitutents for which data are 
given in Table I may all be made colorimetrically except for the CO,-combining 
power and chlorides. Such extensive use of colorimetric methods is a develop- 
ment of the past fifteen years. In 1904 Folin introduced his accurate and sur- 
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prisingly simple colorimetric method for the estimation of creatinine in the urine, 
and this gave a great impetus to the development of colorimetric methods. For 
this work Folin employed the Duboscq colorimeter and at the present time there 
are very few laboratories of physiologic chemistry that do not boast one or more 


of these instruments. 
COLORIMETERS 

Since the accuracy of colorimetric methods depends in considerable part on a satis- 
factory colorimeter, it may be of value to consider the mechanical principles upon which the 
several different instruments in common use are constructed. The instruments may be 
simply designated as the (1) plunger, (2) wedge or (3) dilution type. With the plunger 
type the intensity of the color of either the standard or unknown is varied by changing the 
depth of solution through which the light passes with the aid of a plunger. The Duboscaq, 
Kriise, Kober and Bock-Benedict are of this type. With an instrument of the wedge type 
such as the Hellige, the standard is placed in a wedge and the unknown in a small cup with 
sides parallel to the wedge. The wedge is moved up and down until the intensity of the 
color is the same as the unknown. With the dilution type of instrument such as the Sahli 
hemoglobinometer and the inexpensive test tube instrument described by the writer, the 
unknown is diluted with water or some diluting fluid until it has identically the same color 
as the standard. 

The instruments of the plunger type have been most extensively employed where ac- 
curacy and rapidity were required. Of the individual instruments on the market the Du- 
boseq is the oldest and best known. Disadvantages of this instrument are the high cost and 
the fact that the cups and plungers are mounted in balsam and require frequent remounting. 
The original French instrument is very substantially constructed, however, and the glass 
parts are of excellent quality. This latter fact is very important, since good prisms are 
probably the most essential part of the instrument, otherwise it is not possible to make the 
two halves of the field appear the same. The Kritise model of the Duboscq, available before 
the war, contained some advantages over the French instrument, notably in the mounting 
of the cups and plungers, and was more reasonable in price, although in general it was 
The American-made Kober has many mechanical supe- 


hardly the equal of the Duboscq. 
It has a much better arrangement for ad- 


riorities over the Duboscq and is less expensive. 
justing the stages than the old style rack and pinion, the vernier scale may be readily set 
at zero, the reflecting mirrors are divided, while the cups and plungers are of black glass 
with fused-on clear glass bottoms, thus making the field considerably sharper. With these 
cups, chloroform may be used with impunity. It should be noted, however, that the cups 
are much more fragile than in the Duboscq, and it is doubtful whether the prisms are as 
evenly matched as in the French instrument. A very simple and relatively inexpensive color- 
imeter has recently been introduced by Bock and Benedict.14 In this instrument small re- 
flecting mirrors have been substituted for the expensive prisms. The standard is put in a 
cell of known breadth through which the rays of light pass longitudinally, thus removing 
the necessity for more than one moving part. Colorimeter estimations may be made very 
rapidly with the instrument, and it is possible, when the instrument is precisely constructed 
to make exceedingly accurate colorimetric comparisons, owing probably to the fact that the 
glass prisms have been eliminated. Considerable personal experience with all four instru- 
mients mentioned has led the writer to choose this instrument for routine work. 

The Hellige instrument has the advantage that permanent standards may be kept in 
individual wedges, but the disadvantages that few of these standards are really permanent 
and that the wedges need to be empirically standardized. When a wedge is carefully cali- 
brated for a given purpose by the individual using the instrument, very satisfactory results 
may be obtained. However, just the individuals to whom this instrument especially appeals 
are the ones who will not insure the accurate calibration of the standard wedges. 

With the dilution type of instrument such as the Sahli hemoglobinometer and the in- 
expensive test tube instrument described by the writer,*!5 the unknown is diluted with water 


- *An improved model of this instrument is now sold by the C. M. Sorensen Co., Inc., New York 
City, who also distribute the Bock-Benedict and Kober colorimeters. 
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some diluting fluid until it has identically the same color as the standard. Theoretically, 


or 


he principle of diluting the unknown to the same intensity of color as the standard is ex- 
cellent, but practically, it requires considerable care in execution and fairly large volumes 
of fluid in order to secure accuracy, since the diluting fluid must be added a drop or a few 
rops at a time. Where the volume of fluid is large enough that one or two drops of fluid 
1ore or less do not impair the accuracy of the test, as in the test tube instrument mentioned 
bove, the method is perfectly satisfactory, especially for an occasional estimation, but in 
such very small instruments as the Sahli and Kuttner a large error is necessarily introduced. 
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A THIRD MODEL ILLUSTRATING SOME PHASES OF KIDNEY 
SECRETION* 


By Martin H. Fiscuer, M.D., aNp Georce D. McLaucH Lin, CINCINNATI, Ox10 


I. INTRODUCTION 


T has been emphasized upon previous occasions" that it is necessary in discuss- 
ing secretion to differentiate between (1) secretion of water and (2) secretion 


of the substances “dissolved” in the water. Secretions, in other words, are tot 


formed “as such,” but represent the result of those interacting circumstances 
which make primarily for the secretion of water and secondarily for what has 


been called a leaching out of available substances to be dissolved in the water. 
While secretions are usually thought of as materials strangely different from 
gland substance or from blood, this difference is more apparent than real. Se- 
cretions do not in general differ from their sources except in quantitative com- 
position. A secreting cell may, of course, elaborate a new chemical entity, and in 
this way contribute to a secretion something not found in the blood, but, except 
for such, it is only a matter of the same or more or less of urea or salt or acid in 
the urine than in the kidney, or, to trace it all back to the first source, in the blood 
itself. Why such quantitative differences come to pass requires no recourse to 
vague “‘vitalistic” or “physiologic” concepts—mere differences in the distribution 
of dissolved substances (as determined by differences in solubility, in adsorption 
or in chemical composition) between three phases of different chemical or physical 
make-up (in other words, the secretion, the secreting parenchyma, and the blood) 
are sufficient to explain even the most marked of the existent quantitative dif- 
ferences.” 

We purpose returning in these paragraphs to that half of the secretory proc- 
ess which has to do with the mechanism by which a glandular parenchyma sep- 
arates water from the blood and thus fathers a secretion. 

If we ignore the entirely purposeless efforts to explain such separation on a 
“physiologic” basis—which amount in essence to nothing more than the statement 
that a cell secretes because it secretes and that it fails to secrete because it can 
not—then the attempts to account for what is observed may be divided into two 
classes. ‘The first of these is the filtration theory originally put forth by Bowman 
(as mere speculation based upon histologic studies) and later by Carl Ludwig and 
his followers upon an experimental basis. The second is properly not a theory at 
all, but really only a critique of the Bowman-Ludwig concept by R. Heidenhain 
and his successors, who, on the basis of various physiologic observations (in which 
the questions of the secretion of water and the secretion of various dissolved 
substances are hopelessly confused) negate the adequacy of the filtration hypoth- 
esis. A good illustration of the modern situation is furnished by the work of 
T. G. Brodie and his coworkers* who, from their experiments on urinary secre- 
tion, came to the conclusion that the secretion of water by such an organ as the 
kidney is paralleled by a consumption of oxygen. At times there was also an in- 


*From the Eichberg Laboratory of Physiology in the University of Cincinnati, Cincinnati, Ohio. 
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creased carbon dioxide production. In plainer terms, such a parallelism means 
at in secreting water the kidney does work, that this work calls for a consump- 
ion of energy, and that the greater the amount of work thus done, the greater the 
nsumption of energy. We have ourselves supported such a view.* The work of 
iher authors is, however, opposed to such a conclusion, notably that of J. Bar- 
ft and H. Straub’ who noted an even twenty-fold increase in water output by 
kidney, under the influence of injections of various salt solutions, with no 
eciable increase in oxygen consumption. As must be apparent, the two obser- 
ations are mutually exclusive for were they both correct, it would compel the 
nclusion that to secrete water the kidney must sometimes do work and some- 
nes not. Is there a less inconsistent way out? 
In our opinion there is, provided we will stop confusing the two-elements of 
‘secretion of water and the secretion of dissolved substances, and bear in mind 
conditions experimentally found necessary for every increase or decrease in 
secretion of these two materials and the significance of such conditions in the 
ly of the living animal from a colloid-chemical point of view. 
Our previous studies have shown that the conditions making for the absorp- 
i of water by the colloid-chemical mass which we term a living animal, are 
the opposite of those which make for the secretion of this same substance. Thus 
water is absorbed only as the capacity of the body colloids for holding water is 
increased by any of various circumstances, while a separation or secretion of 
water follows as these conditions are reversed. Water is therefore best absorbed 
in those portions of the alimentary tract (the large intestine) which are bathed 
by the most venous blood (that richest in carbonic or other acids) while no such 
absorption occurs in the stomach during the “periods of digestion” when this 
viscus is supplied with highly arterialized blood. A secretion of water, after its 
absorption into the venous blood, becomes possible as soon as the acid content of 
this venous blood (carbonic acid under normal circumstances or other acids in 
states of disease) is diminished on passing through the lungs. At this point 
water becomes “free’’ and may be lost through any secretory organ. A first place 
of loss is in the lung itself, while the other places of loss of general importance 
are represented by the kidney and the sweat glands of the skin. ‘To make possible 
a secretion of water, the following conditions must, therefore, be satisfied: (1) 
“free” water must be brought to the secreting parenchyma, (2) the blood carry- 
ing such free water must contain a sufficiently low concentration of various acids 
(and a sufficiently high concentration of oxygen) and (3) if the secretion of 
water is to cost the kidney or other secreting gland no work the secreting 
parenchyma must be “permeable” to the free water and not to the combined. 
Upon previous occasions we have shown how the experimental data of other 
authors, as well as our own all support the first two of these conclusions. A 
Water-starved animal is incapable of any secretion; and the injection of any 
amount of water in combined form (as whole blood, blood plasma or any proper 
hydrophilic colloid)* will not increase any secretion by a drop. Secretion in- 
: ‘This constitutes the scientific basis for the injection of proper colloid solutions to raise and main- 
tain blood pressure in shock. It seems to be largely forgotten by modern writers on this subject that the 
principles underlying the use of such solutions and the relative merits of blood, blood serum, gelatin and 
acacia mixtures were worked out in this laboratory over a decade ago. See Fischer, Martin H.: Oedema, 
New York, 1910, p. 186; Kolloidchem. Beihefte, 1911, ii, 324; Hogan, J. J., and Fischer, Martin H.: 


Ke It idchem. Beihefte, 1912, iii, 411; Fischer, Martin H.: Oedema and Nephritis, New York, 1915, ed. 2, 
P. $45; Hogan, J. J.: Jour. Am Med. Assn, 1915, Ixiv, 721. 
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creases and is proportional to the amount of “free” water furnished the secreting 
organ (in other words, the amount available above that necessary for saturation 
of the colloids). When secretion-promoting substances like saline diuretics or 
materials of the type of caffeine and digitalis are used, the mechanism still re- 
mains in essence the same. In the first instance, the administered salts dehydrate 
the body colloids generally, and thus make available free water for secretion, 
while, in the second instance, they increase cardiac and respiratory efficiency, and 
by thus increasing the circulation through the tissues, decrease their content of 
carbonic and other acids, thus again making for the appearance of the free water 
necessary for secretion. 

These ideas may be applied to such experiments as those of Brodie and his 
followers, and Barcroft and Straub. While insisting upon the general parallelism 
between amount of oxygen consumed and water secreted a study of the individual 
protocols and foot-notes of the first named of these authors indicates that he him- 
self failed to discover such parallelism whenever a diuretic salt was administered; 
and this is the rule in all of Barcroft and Straub’s findings. We would, in our 
own terms say that these facts compel the conclusion that the secretion of “free” 
water does not cost a kidney or other secreting organ any work. This conclusion 
is the logical one demanded by the colloid-chemical theories of absorption and 
secretion for which we have so long stood, but because such apparently finite 
experiments and deductions as those of Brodie stood against us we, too, insisted 
that water secretion represented an “active” process,® and thus failed to find in 
filtration and the “microcapillary” structure of the colloids (as illustrated in our 
first urinary secretion model’) an explanation of all the phenomena observed in 
a living animal. Therefore, if the secretion of water is essentially a filtration 
process, simple hydrated colloids of proper composition ought to behave like kid- 
ney parenchyma. ‘The experiments described in this paper show that they do. 

Since the colloid-chemical behavior of various hydrated soaps seems to be 
identical in every way thus far studied with the behavior of that hydrated protein 
mass which we call protoplasm (more specifically, for our purposes, with the 
parenchyma or hydrated colloid membrane which lies between any secretion like 
urine and its source, the blood) we decided to study the filtration properties of 
such hydrated soap systems in order to discover whether they showed any anal- 
ogy to what is observed in biologic secretion. 


II. EXPERIMENTS 

We chose for particular study the system, hydrated sodium stearate. For 
filtration purposes this was cast into cylindrical cups measuring in the moist con- 
dition 7.2 cm. transversely by 5.2 cm. high with walls 1 cm. thick. The cups 
were made by supporting one calibrated beaker (of 120 c.c. capacity) within a 
second (of 350 c.c. capacity) and filling the intervening space with a hot sodium 
stearate solution. After the material had “set” by being cooled to room tem- 
perature, the soap model was removed from the mold and set up for experimental 
purposes as indicated in Fig. 1 except that the whole was covered so as to pre- 
vent undue evaporation. In the experiments to be described, the filtration proper- 
ties of the cups were then tested by filling them with 80 c.c. of the solution to be 
filtered. The filtration pressure (the hydrostatic pressure) represented by this 
volume of fluid is 5 cm. 
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Water filters through such a soap cup in a fashion remarkably analogous to 
that observed in the various secreting organs of the body. 
1. We tested out first the effects of the concentration of the hydrated sodium 
steirate system upon the filtration of water through it. The amounts of water 


which will pass through a sodium stearate cup of different concentrations under 
the circumstances described for these experiments are indicated in Table I. 

















Fig. 2. 


TABLE I 
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TRATIONS 
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These experiments show that the ease with which water filters through a hy- 
drated sodium stearate decreases with every increase in the concentration of the 
colloid membrane. The filtration capacities of the different soap cups are so strik- 
ingly different that they are readily apparent to the naked eye as shown in Fig, 
2, which is a photograph of this experiment at its end. 

2. It was our next purpose to demonstrate the gross differences existent be- 
tween the rate at which “free” water will filter through such a colloid cup and 
combined water as represented by a liquid colloid which in its physical constitution 
may be compared with blood. To this end we compared the filtration of water 
with that of a molar “solution” of sodium oleate. Since in the previous series of 
experiments 1/10 m sodium stearate cups had yielded a good average filtration 
rate we chose these for this experiment and the subsequent ones. 


TABLE II 


Amount of Water Wuicu Fitters THrovucH 1/10 Morar Soprum STEARATE Cups WueEn 
“Eree” or “CoMBINED” WitH A HybRATABLE COLLOID 
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This experiment shows that water when combined with a hydrophilic colloid 
fails to come through a hydrated soap just as urine fails to come from blood 
when this contains no “free” water. That it is nothing specific about the sodium 
oleate which makes the filtration of water impossible but merely the fact that 
the water is bound to the sodium oleate is proved by the. fact that mere dilution 
of the sodium oleate, sufficient to guarantee the presence of free water, at once 
allows some liquid to filter through. Its amount in no instance, however, equals 
that when pure water is used. 

3. These colloid soap cups may be used to illustrate even the biological action 
of the various salines in increasing secretion. The saline diuretics owe their 
effects® to a dehydrating action upon the hydrophilic (protein) colloids of the 
body in general and upon those of the kidney in particular. By dehydrating the 
proteins of the body in general, they furnish “free” water for the kidney to 
secrete, while through such action upon the kidney specifically, they not only 
exhibit this function, but through it, obviously, the diameter of the capillaries 
must be increased which must be existent in the glandular parenchyma if mere 
filtration is presumed to be the mechanism by which free water is squeezed off 
from the blood. 

The effects of the salines are different both as to their concentration and to 
their kind. ‘Table III illustrates upon colloid soap how the “diuretic” effect of 
any salt is increased with every increase in its concentration. 


The results of this experiment at the end of 7 hours are shown in Fig. 3. 






































Fig. 5. 


4. Table IV illustrates the difference in effects when equally concentrated 
(equimolar) solutions of salts possessed of a common acid but different basic 
radicals are filtered through a series of cups. 
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TasiE III 


Amount oF Water WuiIcH Fitters THRouGH 1/10 mM Soptum Stearate Cups FRoM Pure 
WATER AND SOLUTIONS oF SopIUM CHLORIDE OF DIFFERENT CONCENTRATIONS 
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The results of this experiment at its end are shown in the photograph of 
Fig. 4. 

It is to be noted that the ammonium chloride leads to a decrease in secretion 
as compared with the effects of pure water. On the other hand, magnesium and 
calcium chloride are more powerful “diuretics” than sodium chloride. We return 
to a discussion of these findings later. 


We tried next the effects upon filtration of equally concentrated (either 


equinormal or equimolar) solutions of salts containing a common basic radical 
with different acid radicals. Table V gives the results when equimolar solutions 
are used, while Table VI and Fig. 5 give the findings when equinormal solutions 
are employed. It will be observed that within the limits of experimental error 
there is no change in either case in amount of water secreted as compared with 
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TasBlLE VI 


Amount OF WaTER WHICH Fiiters THroucH 1/10 m Sopium STEARATE Cups FROM EQulI- 


NORMAL SOLUTION OF DIFFERENT SALTS 
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the effects of sodium chloride. In other words, the greater diu- 
retic action of the acetates, citrates, phosphates and sulphates ob- 
served in living animals as compared with the diuretic action of 
equally concentrated chlorides, bromides, or iodides does not ap- 
pear in these filtration experiments with soaps. To the discussion 
of this finding we also return below. 

6. There exists a variable in all the described experiments 
which may be made a constant when it is so desired. In the sim- 
ple arrangement described above, the filtration pressure falls as 
the-amount of liquid which passes through the cup increases. 
Since, besides, the filtrate is not removed as formed, more and 
more accumulates about the cup and thus reduces the surface 
available for filtration. Both objections may be overcome by 
utilizing the filtration arrangement with constant level shown in 
Fig. 6. 

In Fig. 6 b represents in section a sodium stearate cup sup- 
ported upon a coarse galvanized iron screen held in a ring stand. 
In proper position above the cup is supported the inverted 100 c.c. 
graduate a. At the beginning of the experiment the cup b and the 
graduate a are filled with the liquid to be filtered, the filled gradu- 
ate being inverted and placed in position as indicated in the fig- 
ure. The filtration pressure is obviously determined by the height 
of the liquid standing in b. As liquid filters through the cup 
and its level falls in b, air enters the graduate, allowing the 
liquid column in a to fall sufficiently to restore the old level in b. 
In this way the filtration pressure available in b is kept constant. 
Any liquid which filters through b is caught by the funnel c and 
collected in the graduate d from which direct readings as to 
quantity of filtrate may be made. 


III. DISCUSSION 


1. The model described above may be used also to demonstrate various facts 
regarding the secretion of dissolved substances. A first point covers the matter 
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of how a secretion more alkaline may be derived from a less alkaline or even 
neutral source (parenchyma or blood). If phenolphthalein is added to the solu- 
tion being filtered, is applied to the soap of the cup, and is added to the secretion 
escaping from the soap cup, in such an experimental series as indicated in Table 
III (where water and sodium chloride solutions of different concentrations are 


being filtered) the following facts may be observed. The original salt solutions 
leave phenolphthalein uncolored; so also do the sodium stearate cups; in the case 


of the filtrates, however, that from pure water turns the phenolphthalein bril- 
liantly red. The same is true, though in decreasing intensity, as we examine the 
“secretions” from the cups containing increasingly strong sodium chloride solu- 


tions. The filtrate from the sodium chloride of highest concentration may leave 


the phenolphthalein practically uncolored. 

Expressed in ordinary terms, alkaline secretions are here being derived from 
parenchymas or blood which are by themselves neutral or even acid. There is, 
however, nothing mysterious in the observed facts if a previous study on the 
composition of the lyophilic colloids and of the behavior of the colloid soaps to- 
ward indicators is kept in mind.’ Distilled water and aqueous solutions of 
neutral salts are of course not expected to color phenolphthalein. The solid soap 
cups are essentially solutions of water in sodium stearate and such hydrated soap 
colloids also leave phenolphthalein uncolored. But upon diluting such a colloid, 
the soap dissolves in the water and such solutions of soap in water do color 
phenolphthalein. Hence the secretion which has passed through the solid sodium 
stearate is “alkaline” in reaction. This solubility of the soap in water decreases, 
however, as neutral salt is added to the water, hence less soap-dissolves and hence 
less reaction to the phenolphthalein. 

The biological significance of these findings (aside from the light which they 
throw upon the mechanism by which secretions more or less acid or alkaline may 
be obtained from allegedly more neutral sources) is of course great. In the 
terms of the pure physical chemists, the dilute soap solutions, as represented by 
the filtrates, are alkaline because, after hydrolysis of the dissolved soap, there is 
present an excess of hydroxyl ions. By the same reasoning the soap cups show 
no reaction to phenolphthalein because these are too “‘concentrated soap solu- 
tions.” Even if we allow the correctness of such deductions—we are ourselves 
of the opinion that indicator methods are largely inapplicable here*—the necessary 
additional conclusions are still of small comfort to orthodox physiology. From 
a colloid point of view protoplasm behaves like the soap cup and blood and lymph 
like a concentrated liquid colloid of the type of sodium oleate. By the indicator 
methods these show no ions. Are the physical chemists who believe in the ap- 
plicability of the laws of dilute solutions to living cells going to admit that solid 
protoplasm and blood and lymph under normal circumstances contain practically 
no ions, and that they have in consequence ascribed to the theories of dilute solu- 
tions, electrolytic dissociation, etc., an importance which they in no sense can 
exercise in normal living tissues? We believe, as a matter of fact, that normal 
uninjured protoplasm is, from a physical point of view, electrically neutral and 
that there are in it under normal circumstances as few or less electrically charged 


*Because to our minds the system soap dissolved in water is something totally different from the 


system water dissolved in soap. 
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atoms and groups of atoms as in pure water or alcohol or ether or a dry crystal 
holding water of crystallization. Protoplasm is, in other words, a “solution” of 
water in hydrophilic colloid and this is a system to which the physico-chemical 
laws covering the dilute solutions may not be applied without the greatest reserve. 
Such laws may only be applied to the solutions of protoplasm in water, as to 
the more watery secretions from the body like urine, saliva or sweat. 

2. If, instead of testing the “secretions” in the above experiments for alka- 
linity, we analyze them for content of fatty acid (in other words, for amount of 
soap dissolved in the secretion), it is found that most soap is dissolved when 
plain water is filtered through the cup and less and less as salt solutions of in- 
creasing concentration are employed. This too has its biological parallel. Dis- 
tilled water can not, for example, be furnished secreting cells without.damaging 
them, for the cells tend to dissolve in such distilled water. Thus the excessive 
consumption of distilled water makes for the appearance of albumin in the urine. 
To keep a colloid parenchyma (be it soap or protoplasm) from thus going into 
solution, salt must be added to the distilled water. This is one of the reasons 
why all cells are less damaged by a so-called physiologic salt solution than by plain 
water. In fact in the case of a kidney previously damaged by distilled water (or 
worse still by some powerful “solution’-producing agent like an acid) the pro- 
gressive solution of the kidney in the urine (the albuminuria) may be cut down 
by perfusion of the organ with a proper salt solution. 

3. We wish finally to return to the fact that if the rate at which distilled 
water filters through a soap cup is taken as the standard, the rate of such secretion 
from an ammonium chloride solution is less, while that from other salt solutions 
like sodium, magnesium or calcium chloride at an equivalent concentration is 
greater and in the order named. ‘This, too, has its analogue in what may be 
observed in animals, and the explanation of what occurs in animals may be de- 
duced, we think, from the action of these salts upon soap. Generally speaking 
all salts tend to dehydrate soaps and this in increasing amounts with increasing 
concentration. When sodium chloride is used there is therefore a progressive 
increase in dehydration of the hydrated sodium stearate constituting the soap cup 
and with the secondary enlargement of the capillary pores consequent upon this, 
filtration is made proportionately easier. When, however, a salt capable of enter- 
ing into double decomposition with the sodium stearate is used, there is added 
to this first effect a secondary one incident to the production of a new soap. The 
hydration capacities of soaps of the commoner fatty acids with different bases 
runs in about the following order: 


NH,, K, Na, Mg, Ca. 


(The solubility of these soaps in water also runs in this order). It will now be- 
come clear, when equally concentrated solutions of these different salts are 
filtered through sodium stearate, why ammonium and potassium salts lead to a 
lesser secretion of water than sodium, while magnesium and calcium salts lead to 
a greater one, and in the order named. After double decomposition and at least 
partial formation of the corresponding soaps, the original capillarity of the 
hydrated sodium stearate will be changed, being decreased in the first named, left 
largely unchanged in the middle member, and increased in the last named. 
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It was emphasized above that while the “diuretic” action of equally concen- 
trated but different salts differs when their basic radicals are different, such dis- 
tinctions are largely missing when salts with a common base but different acid 
radicals are employed. In other words, these soap models do not show the greater 
diuretic action of the citrates, tartrates, phosphates and sulphates over chlorides, 
for example, which do animal kidneys or living cells in general. We expected 
this result as the necessary corollary of certain chemical differences between fatty 
acids and amino acids and the possibilities possessed by the latter of forming 
longer series of different salts. 

The action of different bases upon a fatty acid may be compared with the 
action of the same bases upon the polymerized amino acid which we call protein. 
“Soaps” are formed in both instances with their varying hydration capacities. 
It is our belief, in other words, that if we write the formula for any fatty acid as: 


x — COOH 


that the colloid-chemical properties of the different soaps are dependent upon 
the substitution for the H in the above formula of the various metal radicals. 
If now we write the formula for an amino acid as: 


x — COOH 


| 
NH, 


the effects of the metal radicals are again the same, and the colloid-chemical be- 
havior of the pure proteins which are thus formed is again of the same kind as 
in the case of the soaps. Instead of soaps of fatty acids we get “soaps” of pro- 
teinic acid, the solvation and solution characteristics of both of which are largely 
the same. The fatty acids do not, however, possess the power of uniting with 
acid as do the amino acids.. In the latter instance acids may unite with the NH, 
groups. In this fashion there can then be produced the chlorides, bromides, sul- 
phates, phosphates, etc., of the polymerized amino acids each again possessed of 
its own solubility in water and solvent power for water. Since the cells of the 
living body are the hydrated salts of polymerized amino acids, the various salts 
may affect them “diuretically” not only through their basic, but also through their 
acid radicals. 
IV. SUMMARY 

The question is raised of the mechanism by which water is secreted by such 
a secreting parenchyma as a kidney. ‘The experimental evidence is reviewed 
which indicates that only “free” water can be separated from the blood and that 
the separation of such water costs the kidney no work. This supports the con- 
clusion that such separation is a mere filtration process, and since the secreting 
parenchyma of such an organ as the kidney is a hydrated colloid which has proper- 
ties closely akin to a solid hydrated soap, the filtration properties of such a soap 
(sodium stearate) are studied to see whether any analogy exists between its be- 
havior and what may be observed biologically. 

1. Hydrated sodium stearate allows water to pass through it under slight 
hydrostatic pressure, the ease of such passage being increased as the concentra- 
tion of the hydrated colloid is lowered. 
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2. While “free” water passes readily through such a hydrated colloid, water 
tied to a hydratable colloid (liquid sodium oleate) can not. 

3. Salt solutions lead to a greater filtration of water than plain water and this 
(a) according to their concentration and (b) their kind, generally speaking. The 
higher the concentration of any salt, the greater the filtration of water. On the 
other hand, at given concentration, salts of ammonium or potassium produce less 
filtration than salts of sodium, and these less than those of magnesium or calcium. 
The findings on soaps are here identical with the behavior of these same salts 
upon the living organism. When, however, the effects of equally concentrated 
salts with the same basic radical but different acid radicals are compared, no such 
diuretic differences appear as occur in living animals. 

4. The theory of the action of these effects is discussed, it being pointed out 
that because of the existent differences in chemical composition of fatty acids and 
of the polymerized amino acids known as protein it is possible in the former to 
produce only one series of salts as different bases are introduced into the fatty 
acid. In the case of the proteins a similar series may be produced, but because of 
the existence in the latter of NH, groups, a second series may be produced 
through the linking of acid with these groups. Colloid-chemical and physiologic 
behavior are then an expression of the solvation and solubility properties of the 
different compounds thus formed. 

5. The dangers of applying without due reserve indicator methods and the 
laws of dilute solutions of electrolytic dissociation, etc., to the normal cells and 
fluids of the body but not to their secretions is reemphasized. 
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THE EPIDEMIOLOGY OF INFLUENZA-PNEUMONIA* 


By CotonEL CHARLES Lyncu, Mepicar Corps, U. S. A., AND LiEutT.-CoLoner 
James G. CumMING, Mepicat Corps, U. S. A. Port of EmBarx- 
ATION, Newport News, VA. 


T is noteworthy that as a result of the influenza epidemic the pneumonia death 

rate in civil life was 4.7 per 1000 population, while in the army this rate was 
14.4 per 1000—a ratio of 1-3 comparing the two groups; in other words, per 
1000 population, there were three times as many deaths in the army as in civil 
life. 

What is the reason for this difference in the mortalities of the two groups? 
Is it age group susceptibility, air space, adequacy of clothing, fatigue, habits, 
crowding, food, or insanitary messing and other indirect contact incident to army 
life? 

It has been argued because of the extreme prevalence of influenza in the 
military service and supposedly among civilians in the same age group that this 
age group is particularly susceptible, in short, that this is the susceptible age 
group. In order to get some definite data on this question certain information 
concerning children in public institutions, was secured. As a result of this in- 
vestigation it was found that among these children, 49,140, the influenza rate 
was 412 per 1000. Among 703,006 adults in similar institutions the rate was 
203 per 1000. It should be added that these 49,140 children constituted the 
population of 131 institutions. These figures include children in a large number 
of institutions scattered throughout the United States. Since we found the rate 
highest among children it is obvious that in the young, we have the susceptible 
age group. This might be expected for in children we have a larger percentage 
of nonimmunes, while the adult population as a whole is partially immune as a 
result of previous attacks. 

It is a fact that during the early part of the epidemic the disease prevailed 
most extensively among male adults, but was not this due to exposure to in- 
fection incident to their mode of life? In the days of typhoid prevalence it was 
recognized that young male adults, owing to their greater exposure—they eating 
in public places and obtaining their water from many sources—developed this 
disease more frequently than any other group. We have an analogy to this in 
influenza. The young adult is more subject to exposure owing to his mode of 
life. Fundamentally, infection results only from the introduction of the specific 
organism. Exposure is the primary factor; the secondary being the susceptibility 
of the individual, and this depends largely on the immunity conferred by a pre- 
vious attack. 

On this hypothesis we would expect the highest influenza rate in children, 
and the lowest among the aged. An investigation of the rates in public institu- 
tions confirms this theory. 


*Read before the Medical Section of the American Life Convention, Chattanooga, Tenn., March 26, 


1919. 
Authority to publish granted by Surgeon General's Office, Washington, D. C. 
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As a matter of fact ail nonimmune individuals are susceptible whatever their 
age group, and will develop the disease upon the introduction of the infective 
agent, so that fundamentally the object to be sought is prevention of infection. 

Epidemiologic studies show very definitely that air space, within moderate 
limits, adequacy of clothing, fatigue, habits, the kind and adequacy of food and 
water, play little or no part in the spread of the so-called respiratory diseases. 


ARMY INFLUENZA 


This leaves only insanitary messing and other indirect contact, and our re- 
cent laboratory studies and field investigations of troops show that in them 
the respiratory diseases are spread by indirect rather than by direct contact. 
Droplet infection in camps, in civil life, and in hospitals is believed to play but a 
minor role in the spread of sputum-borne diseases. 

Indirect transmission of infection takes place by two routes of travel. But 
a distinction must be made between transmission in civil and that in army life. 
In the army the insanitary methods of washing mess gear were chiefly responsible 
for the high rates of sputum-borne infections. Unclean hands were then an 
important factor in the army.? 

Each soldier washed his own mess gear in the same water, used by other 
soldiers in the same company. The companies were large—250 men. ‘The water 
was inadequate in amount and with the washing of each successive mess gear it 
became more highly contaminated with mouth organisms from the whole com- 
pany. These organisms were introduced from the mouth to the mess-kit wash 
water by two routes, the mess gear and the hands. The wash water was warm, 
sometimes hot, but the infective agents transferred to it were not killed, as it 
was not hot enough to do this. There was a cumulative action; the pollution of 
the water increased with the successive washing of mess gears, pollution by mouth 
and hand organisms. The washed mess gear and hands were thus contaminated 
by organisms from the mouths of many men. The organisms, newly acquired 
by the water, travel from the wash water to the mouth through two routes, 
through the eating utensils and the hands. From the frequency with which the 
hand visits the mouth it is more than probable that this is the major route. 

The mess kit wash water is the focus; its use gives a common contact among 
troops, and this mess kit wash water is the most intimate and frequent point of 
indirect contact transmission for a group of mouths. Close observation of the 
messing of troops leads one to the above hypothesis. But have we any proof 
that this is actually so, and if so will it be possible to institute preventive measures ? 
As troops were messed by two different methods it was possible to collect evi- 
dence which proved this hypothesis satisfactorily. For aside from troops, which 
eat from mess-kits, which they themselves wash, many organizations eat from 
tableware which is washed by the kitchen force. Under the latter conditions 
the contamination of the hands of each soldier by the common wash water, is 
eliminated. His hands are not exposed to the pollution by organisms common to 
dish water. He should then be more likely to escape infection. An investigation 
of the incidence of influenza among 66,000 troops, 31,000 of whom ate from 
tableware, and 35,000 from mess kits, proves that those who ate from tableware, 
which is washed by a limited force, were far less liable to infection.® The rate of 
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infection in this group was 51 per 1000, while in that group which ate from mess 
kits, washed by the men themselves, the rate was 252 per 1000. The ratio in the 
two groups is 1 to 5, or per 1000 troops in the two groups, 84 per cent of the cases 
occurred among those whose hands were contaminated by the washing of their 
own eating utensils. It would seem that this is ample proof of our original hy- 
pothesis that the infection occurred by indirect contact through the use of tepid 
eating utensil wash water. 

In order to institute corrective measures, which will prevent to a large 
extent the high mortality among troops, of foremost importance is the providing 
of boiling water for washing eating utensils. There is then no cumulative con- 
tamination of the water, infective organisms are killed, the eating utensils are 
more thoroughly cleansed, they are disinfected, and of far greater importance is 
the fact that hand contamination is prevented because of the use of boiling water. 


CIVIL AND INSTITUTIONAL INFLUENZA AS AFFECTED BY THE METHOD OF WASHING 
DISHES 


What then we consider proved up to the present stage in our paper is that 
the excess of influenza in troops, and excess mortality, were due to their promis- 
cuity in messing, or in other words, to increased indirect contact from this cause. 

Interesting and important as this is so far as the army is concerned, does 
it not possess a wider significance? The results of further study demonstrate 
that this is actually the case. 

In order to extend the study of the theory of indirect contact transmission 


of influenza to the civil population and to apply it directly to the question of feed- 


ing, investigations were made in Chicago and Washington. 


Machine Washed 
Persons Cases 
Chicago Employees 12 Hotels & Restaurants 1350 13 
Chicago Employees 4 Department Stores 13500 181 
Washington Employees 2 Department Stores 2386 "155 


17236 349 20 per 1000. 
Hand Washed 


Persons Cases 
Chicago Employees 3 Restaurants 25 
Chicago Employees 1 Department Store 3100 259 
Washington Employees 2 Department Stores 1050 


4175 429 103 per 1000. 
Total 21411 


These 21,411 business men and women were employed in fifteen hotels and 
restaurants, and in nine department stores, where all or a part of the meals were 
provided. 

These employees were divided according to whether they ate from machine- 
washed or hand-washed dishes. Among 17,236 who ate from machine-washed 
dishes there occurred 349 cases of influenza, while among 4175 who ate from 
hand-washed dishes were 429 cases. There was a rate of only 20 per 1000 in 
the former while in that group in which the dishes were not treated with boiling 
water. the rate was 103 per 1000. It appears that the chances of infection be- 
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tween the two groups are as one is to five, or exposure to infection among those 
eating from hand-washed dishes is five times greater than in that group which 
ate from the disinfected dishes. 

Is not this a suggestion for sanitary dish washing by immersion in boiling 
water in the home, as well as in public eating places, and does it not give us a 
new conception of what we mean by crowd disease? 

It was maintained that on the Panama Canal pneumonia was brought under 
control by segregating in huts the workmen with their families. The crowding 
in barracks was thereby eliminated, but it is to be pointed out that at the same 
time the common mess as well was abolished. In the light of our recent epidem- 
jologic knowledge it is believed that the beneficial results were mainly from the 
abolition of the common mess rather than from the change in lodging arrange- 


ments. 

The results in the two civilian groups studied dictated an extended survey 
of civilian fixed groups. Inasmuch as state and federal institutions have such 
fixed groups and would be able to furnish accurate data as to the recent influ- 
enza epidemic, questionnaires covering the information desired, were sent to such 


institutions ; 593 replies were received. 

Many of these replies had to be discarded because they were incomplete or 
because no cases of influenza occurred in the institutions. Accurate data covering 
252,186 individuals was secured, however. 

In the group eating from machine-washed dishes the rate was 108 per 
1000. while in the group eating from hand-washed dishes the rate was 324 per 
1000. This gives a ratio of 1 to 3 between the two groups, or 75 per cent of the 
cases occurring in that group which ate from dishes not disinfected with boiling 
water, in other words, hand-washed dishes. 

Here we have fixed groups living under the same institutional conditions, 
Can there be any other explanation for this striking difference in the influenza 
rates, except the notable difference in methods of dish washing, disinfection in the 
one case and increased contamination in the other? 


DURATION AND DAILY RATE OF INFECTION 

It is interesting to note that in institutions where machine-washed dishes 
were used the average duration of the epidemic was 5.1 weeks, whereas in insti- 
tutions where hand-washed dishes were used this period was 4.5 weeks. The 
daily rate of infection then was three times greater in the hand-washed group. 

In the machine-washed group the major route of transmission through eat- 
ing utensils was eliminated, resulting in reducing the number of infections, but 
in prolonging the epidemic. In the other group, where both major and minor 
routes of transmission, eating utensils and inanimate objects, freely took part 
as transmitting agents, the duration of the epidemic was shortened and the daily 
rate of infection was three times as great. 

These findings are wholly in keeping with our theory as to the relative im- 
portance of eating utensils and inanimate objects as conveyors of infection. 


COMPARATIVE MORTALITIES IN THE TWO GROUPS 


In the two groups we find that among those using machine-washed dishes the 
mortality from pneumonia per 1000 population was less than one-haif the mor- 
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tality among those using hand-washed dishes. The difference in mortality is, in 
the ultimate analysis of any investigation, of prime importance. This especially 
holds true in our consideration of the influenza epidemic because influenza of 
itself but rarely kills. The recent pandemic might have come and gone without 
special comment and the fatalities would not have been more than a couple of 
thousand instead of 500,000 had the primary infection, influenza, been uncom- 
plicated. Influenza, like measles and scarlet fever, is but rarely if ever the im- 
mediate cause of death, and reports of high death rates from influenza are to be 
accepted with caution. 

The group of virus infections, influenza, measles, scarlet fever, are nonfatal 
primary infections. These prepare the soil for the highly fatal secondary in- 
vaders, the pneumococci and streptococci. It was then the pandemic of resultant 
pneumonia rather than that of the primary infection, influenza, which caused the 
heavy toll in deaths. 

In normal times the body resistance is for the most part sufficiently high 
to ward off invasion by these secondary invaders which prevail in the throats of 
apparently normal individuals, producing a carrier state, a condition of poten- 
tial danger to the carriers, as well as to others, because of the possibility of 
transmission. 

These pneumonia-producing organisms lie in wait for the production by virus 
infections of favorable conditions for their invasion of lung tissue. The pneu- 
monias are for the most part due to temporarily lowered resistance. a potential 
danger lingers in the throat of every carrier who harbors pneumococci or strep- 
tococci. 

Was the high pneumonia death rate due wholly to the absence of a recent 
pandemic of influenza, or due entirely to what we may term recent increased 
promiscuity, increased communal intercourse, particularly community feeding? 
Of these two factors it is believed that community messing played the major role 
in this increased pneumonia mortality. 

In former times community messing had its limitations. The working man 
carried his dinner bucket, now he goes to the restaurant. The clerk and the office 
man formerly returned home for lunch, now they patronize the cafeteria. For- 
merly when the farmer made a trip to town he took his lunch with him, but 
now he patronizes the restaurant. In the days of economy it was an event for 
even the first families of the community to gather at the hotel for a luxurious 
meal, and now that a premium is put on brawn even the laboring man considers a 
hotel party uneventful. But why should this increased patronage of common 
eating places influence the mortality from pneumonia? 

Let us inquire further whether or not any advance has been made in our 
knowledge of the epidemiology of pneumonia as well as of the sputum -borne 
diseases? And let us not forget that upon this alone depends successful preventive 
measures. During the influenza epidemic the face mask was advocated and in 
many cities it was tried without beneficial results. Communities were quaran- 
tined against inter-city communication to no avail. All administrative effort on the 
part of the city, state, and federal health authorities was without result in limit- 
ing the spread of the contagion. 
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The quarantine of a city is impracticable. It can not be maintained over a 
sufficient length of time to be of value. There is only one example where quar- 
antine has proved of practical value, and that is in state institutions where an 
absolute quarantine can be held in force for an indefinite time without jeopard- 
izing commercial interests. There are a number of such institutions which es- 
caped entirely by prolonged quarantine, and there are others in which a tempo- 
rary quarantine resulted in the postponed admission of a convalescent or un- 
recognized case and spread of the contagion to practically all nonimmune inmates. 

Influenza is highly contagious, but nonfatal, while pneumonia is moderately 
contagious, and, when the body resistance is temporarily lowered by a virus infec- 
tion, highly fatal. In other words, the pandemic of influenza would be of no mo- 
ment if unaccompanied by the fatal pneumonias. 

Which of these infections is the more easily controlled, or are both con- 
trolled by the same preventive measures? Influenza virus is introduced and burns 
out quickly, while pneumonia organisms are continuously and insidiously spread- 
ing from carriers to nonimmunes where they prevail as a potential danger. The 
carrier state in question is not, as in the case of typhoid and immune diphtheria 
carriers, a danger only to others, but is a menace to the carrier as well. This dis- 
tinction in types of carriers demands recognition by those interested in preventive 
medicine. In this connection let us study the comparative mortality per 1000 in 
New York City for 1890, 1891 and 1918.4 

In comparing the pneumonia fatalities of New York during the influenza epi- 
demics of 1890, 1891, with that of 1918, it is found that the mortality per 1000 
population for the 1918 epidemic is twice as great as that of the former epidemics. 
Furthermore, the recent epidemic was of shorter duration, it was more explosive 
in character, indicating that our present day environment transmits with greater 
facility the infecting agent. With increased travel, increased eating in common 
eating places, increased congestion of urban districts, it may be concluded that 
the virus of influenza was transmitted with greater facility than ever before. 
With a large residual population of influenza nonimmunes, owing to the absence 
of a recent pandemic of the infection, and because of the increased facility with 
which the infective agent was transmitted, it may be further concluded that the 
recent pandemic has run its course, and that there will not be a second vear recru- 
descence as in 1890 and 1891. 

If one compares the mortality rates of cities in the registration area to 
the mortality rate for the entire population of the United States, it is found that 
the epidemic has spent itself, and assuming that the high mortality rates for the 
several years following 1890 and 1891 epidemics were due to an increased 
sporadicity of influenza-pneumonia, it may be concluded that the annual death 
rates following the recent epidemic will not be appreciably increased. 

If the influenza virus is today transmitted with greater facility than in for- 
mer times it is reasonable to assume that the organisms of secondary invasion 
are likewise more widespread than formerly; hence, we have this corresponding 
greater mortality from pneumococci and streptococci, secondary invasion re- 
sulting from a temporarily lowered resistance. 

We have previously presented evidence showing that approximately 80 per 
cent of the influenza morbidity in the military service was due to insanitary 
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messing facilities. Corrective measures for these defects can be instituted and 
effectively carried out. Furthermore, in two large civilian groups it was shown 
that in civil life about 80 per cent of the cases of influenza occurred among 
those using hand-washed eating utensils. In addition we have shown that 75 
per cent of the morbidity in institutional population occurred among those eating 
from hand-washed dishes. 

It appears that in camps as well as in civil and institutional life the use of 
only warm water for washing eating utensils is the chief sanitary defect. In 
the camps the contaminated hand and its auxiliary, the eating utensil, are prob- 
ably equally responsible for the dissemination of the contagion, whereas in civil 
and institutional population, the auxiliaries of the hand, eating utensils, are 
primarily responsible, while the contaminated hand aside from its auxiliary eating 
utensil, plays a less important role. 

It would appear from epidemiologic data secured in our recent investigations 
that influenza, as well as scarlet fever, and the bacterial infections may occa- 
sionally be food borne. 

Our investigations would indicate that transmission by droplet infection 
through the air route by direct contact is at the most only of minor importance as 
compared to transmission by indirect contact through the hand to mouth, or 
hand auxiliary to mouth route of travel. The fallacy of wearing the mask in 
civil communities and cubicling patients on a hospital ward, without disinfect- 
ing the hands might well be compared to a surgeon who would wear a mask 
and fail to wash his hands. Transmission of the sputum-borne diseases is in- 


direct through the hand to mouth route of travel and in order to obtain favora- 
ble results in the control of any infection the major avenues of travel must first 
be blocked, and as the air route of transmission is of such minor importance, the 
value of the face mask fades into insignificance. 


CORROBORATIVE LABORATORY RESEARCH 


If the foregoing deductions, which are based almost wholly on field and 
hospital observations, are correct, it should be possible to verify them by labora- 
tory research. In regard to our laboratory investigations covering both direct 
and indirect contact transmission of infective organisms, the following salient 
facts may be presented. 

In a former report it was demonstrated that the epidemic of streptococcus 
pneumonia, which swept through the camps last winter, and which for the most 
part followed measles, was nbt a hospital infection, but that at least 94 per cent 
of the pneumonia cases following measles were streptococcus carriers upon en- 
tering the hospital.* From this finding it is a question whether the cubicle sys- 
tem, as carried out on the so-called respiratory disease wards, was of any value. 
It was reported by some investigators that throat swabs of measles cases on suc- 
cessive days showed from day to day an increase in the number of streptococcus 
hemolyticus cases, and on this was based the conclusion that the infection was 
spread in the hospital, hence the cubicle system of segregation. 

Our former reports did not support these contentions, and our recent labora- 
tory researches show the fallacy of those reports on which the hospital infection 
theory was based. Serial throat swabs from average throats of troops show 
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that the percentage of positive streptococcus carriers, while only 32 per cent 
on the first swabbing, may be as high as 82 per cent on the fourth swabbing, and 
this accounts for the apparent increase in positive cases on the hospital wards. 

In all walks in civil life is there any more intimate and almost direct con- 
tact than at the public and private mess through the common spoon? The hand, 
contaminated by handling inanimate objects, and its auxiliary, the eating uten- 
sil, make up the busy avenues through which are spread the infective organisms 
of the sputum-borne diseases. 

In infectious disease wards pathogenic organisms are invariably found in 
floor dust, while the examination of over 9000 cubic feet of air in these wards 
fails to reveal the presence of more than three hemolytic streptococci. By the 
spray and plate method it is found that even the finest spray has a rapid rate 
of fall. In three minutes 85 per cent of the organisms fall through a distance 

f two feet and in ten minutes the air is entirely free. 

It then appears that the falling of even the finest spray expelled by an act of 
coughing may well be compared to an aeral barrage. Furthermore, we find that 
comparatively few organisms are expelled by coughing. By the sterile glove and 
cultural method it is found that this number rarely exceeds 1500 organisms. 

From these findings it‘ may be concluded that transmission by direct con- 
tact through the air route but rarely if ever takes place. 

In contrast to this our recent research shows with what great facility 
organisms may be spread by indirect contact through inanimate objects by the 
hand to mouth route of travel. The number of organisms in the mouth runs into 
the billions; the number on the hand runs into the millions, and owing to the 
frequency of contact between the mouth and hands many hand organisms are of 
mouth origin. While only about 1500 organisms are expelled onto the floor by 
an act of coughing, a sterile glove wiped across the lips picks up about 2,000,000 
organisms. Such organisms are readily transferred to inanimate objects which 
are handled by many people. 

Hemolytic streptococci and pneumococci are isolated with great regularity 
from the hands of carriers or patients, from tableware, inanimate objects touched 
by these patients, and from floor dust, and diphtheria and tubercle bacilli have 
been isolated from the hands and eating utensils of patients.° These pathogenic 
organisms prevail so universally and in such number on the hands, on inanimate 
objects, especially on eating utensils, that the chances of transmission by indirect 
contact through the hand or hand auxiliary to the mouth, must outnumber the 
chance of spread through the air route by many hundred times. Furthermore, 
our epidemiologic data support this contention. We have secured most interest- 
ing and striking data in regard to the sanitation of washing dishes in both the 
home and public eating place. The average count of a large number of restau- 
rant dishwater specimens is 4,000,000 bacteria per c.c. The temperature of this 
water is warm to the dish washers’ hands, its average being 43° C. In restaurants 
where the hand method of washing is practiced the dishes are never scalded. The 
water is often so highly polluted that the dishes are more highly contaminated af- 
ter they are washed than before the washing process. In the cycle which dishes 
make from table to kitchen and back again, the spoon or fork is often freer from 
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organisms just after being used by the restaurant patron than when taken from the 
restaurant’s polluted dish water. In the average restaurant where dishes are 
hand washed only about 50 per cent of the organisms are removed by the washing 


process. 

In children there is less than 1 per cent hemolytic streptococcus carriers. In 
those of the adolescent age, the percentage is slightly higher—1.2 per cent. In the 
civilian adults we find another increase to 5 per cent, while in the military forces 
there is that enormous percentage, by a single swab, of 42. In the Southern De- 
partment during the winter of 1917-1918, this organism was the most common of 
all secondary invaders, and in the winter months it caused a case mortality equal 
to that of former plagues. In our recently acquired knowledge of the facility with 
which transmission took place at the soldiers’ mess, we have the explanation of 
epidemic pneumonia among troops. 

To the cost of lives on the battle field there must be added those fatalities 
in the civil population which result from the inevitable post-bellum epidemic. 
After the Spanish American War there was an increased typhoid mortality ; after 
this World War there will be an increased pneumonia death rate. 


If pneumonia mortality has not heretofore been decreased in civil life by 
preventive measures, and if our report showing the increased influenza rate inci- 
dent to the use of hand-washed dishes is of value as an index for the facility 
with which contagion may be spread at public eating places, it may be predicted 
that with the demobilization of approximately two million hemolytic streptococcus 
carriers, there will result in civil communities an equal number of new foci for 
the further spread of this potential danger. In addition to hemolytic strepto- 
coccus carriers, concerning which we have accurate data, it may be assumed 
that there is also a relatively high percentage of carriers of the other pneumonia- 
producing streptococci and pneumococci. This demobilization will of itself im- 
mediately and automatically increase the carrier state of hemolytic streptococci 
alone in the civil population to approximately 8 per cent. With these new foci, 
in conjunction with the increasing patronage of public eating places, we may 
predict an increasing number of carriers with the increasing mortality incident 
thereto in the civil population from year to year. 

Preventive measures alone can stem this rising tide of increasing mortality. 
Among these the most important are the hygiene of the hand and the disinfection 
of dishes, but there are multitudes of other details. 

In a large number of tests we have been able to isolate pathogenic organisms 
almost without exception from eating utensils used by carriers and patients. 
These results show the facility with which infective agents may be spread at the 
common mess and suggests the necessity of the disinfection by boiling water of all 
eating utensils. In public eating places this is best accomplished by the mechan- 
ical dish washer in which it is essential to use scalding water in order to get the 
cleansing effect. Our investigation of the dishes washed in this manner shows 
a minimum degree of contamination. 

Much has been gained by the prohibition of the roller towel and the common 
drinking cup, but our work shows the necessity of extending this same idea to 


include common eating utensils. In fact we believe that today the greatest ad- 
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vance in preventive medicine can be accomplished by requiring in public eating 
places the disinfection of eating utensils. On the other hand, personal hygiene 
of the hand is a measure which the individual must regulate himself. Instruc- 
tion in this, however, might well be undertaken in the habit-forming or school 
age. 
There is nothing new in the theory of indirect contact, but the point is that as 
a transmitting avenue it has been almost wholly neglected, perhaps because of its 
simplicity. On the other hand the air-borne or droplet infection theory presented 
a complex problem capable of endless mysticism. 


CONCLUSIONS 


It is believed that the results of our epidemiologic studies and laboratory 
research show that indirect spread through the hand or hand auxiliary to the 
mouth is by far the most important and major route of contagion dissemina- 
tion. Granting that this is true, preventive measures will not consist of pe- 
riodic masking of the populace, but simply an intensification of the rules of 
personal hygiene, hand hygiene and especially the sanitation of eating utensils, 
and the protection of food. The most ordinary social requirements demand clean 
hands, clean eating utensils, and the protection of food supplies. But we must 
extend this to include the actual sterilization of eating utensils both in the army 
and in civilian life. In both, boiling water is essential for sanitary dish water. 
In civil life this should be provided in restaurants and the like by washing 


machines. In the army, if mess kits are utilized, the washing water must be 


boiling for two reasons; viz., to sterilize the mess gear and to prevent soldiers 
from putting their hands into it and so contaminating it or their hands as the 


case may be. 
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STUDIES ON PATHOGENIC ANAEROBES* 


I. Brotocy oF BActLLus WELCHII 


By BENJAMIN JaBLons, Mayor, M.C., ARMy MeEpicaL ScHOoL, WASHINGTON, 
D. C. 
E NOUGH evidence has now been accumulated to prove that the B. welchii rep- 
resents a large group of bacilli which are anaerobic and have a large number 
of group characteristics in common, but which differ from one another in what 
might be considered to be minor characteristics. ‘Thus Simonds’ has been able to 
differentiate them into four groups on the basis of their sugar fermentations and 
serologically there are at least two varieties which fail to agglutinate by means 
of specific sera. This organism has been incriminated in so many disease proc- 
esses during the past two decades that it might be valuable to review their best 
known characteristics, and to describe in detail the pathologic lesions that this 
organism is capable of initiating, as a result of its toxic and other secretions. 

This bacillus is identical with the following bacteria: 

of Achalme (1891).? 

aerogenes capsulatus, Welch and Nuttall (1892).* 
phlegmonis emphysematose, Eug. Frenkel (1893).* 
perfringens, described by Veillon and Zuber (1898) .° 
of Welch, Migula (1900)° (1). 

It is customary to call this organism in France the 'B. perfringens because 
it was the first binominal designation given to this microorganism, the name sug- 
gested by Welch being a trinominal one. In justice to Welch, we feel, however, 
that the name suggested by Migula in 1900 should be retained. 

The causal role of the Bacillus welchii in gas infections had been demon- 
strated by Eugene Frenkel in 1893,7 by Guillemot in 1898,° by Hitschmann and 
Lindenthal in 1899,° by Welch in 1900,’° by Albrecht in 1902," by Kamen in 
1904,'* etc. P. Simonds, in his monograph on the B. welchii published in 1915, 
collected 175 cases of gaseous' gangrene or of gaseous phlegmon due to this 
microorganism, occurring before the war, with a mortality of about 45 per cent. 
This high figure indicates the importance of this organism in gaseous infections. 

All authors agree that the bacillus of Welch plays an important role in the 
pathogeny of gas infections. Weinberg found this organism present more fre- 


quently than any other anaerobe in the series of gaseous infections which he 
studied. We have isolated this organism a great many times from cases of gas- 
eous gangrene and infected wounds and have found that it has a definite number 


of characteristics by which it may be recognized. 
A. MORPHOLOGY 

It appears as a thick rod, the ends of which are blunt and slightly rounded. 

It is nonmotile and capsulated, and forms spores only under certain conditions 


of culture. It retains the Gram stain. 


*Published by permission of the Surgeon General. U. S. Army. 
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Form and Dimensions.—In pathologic exudates or in very young cultures 
in broth, this bacillus is usually characterized by its short, thick forms. The ends 
of the bacillus are almost always slightly rounded, the angles being slightly 
bulging. Frequently the bacilli are grouped in pairs, the two elements forming 
a prolongation of one another or forming an angle of 45°. In older cultures 
long or curved forms are sometimes observed. We have encountered on several 
occasions, strains which developed curved bacilli even in young cultures in glu- 
cose broth and in liver peptone water medium. Some strains even form fairly 
long filaments, which are thicker and not as long as those seen with other anaer- 
obic germs. Many variations in the thickness of the bacillus occur. While the 
majority of the bacilli studied had a breadth of 1.2 to 0.8 microns, it is not un- 














Fig. 1.—Baccillus welchii in muscle exudate. One sporulating bacillus close to center. (Army Medical 
Museum.) 


common to see bacilli which are smaller and whose average breadth does not ex- 
ceed 0.8 to 0.6 microns. These short forms usually showed extremities which 
were much more definitely rounded. The variations in form make the recogni- 
tion of Bacillus welchii in stained smears difficult. 

Motility Flagella, Capsule-—-The Bacillus welchii is definitely nonmotile. 
The capsule can be stained, using fuchsin ink as a mordant and staining with 
steaming carbol fuchsin, and is best demonstrated in young cultures grown on 
slant agar. Rarely bacilli from cultures in gelatin show capsules when stained 
with carbol gentian violet and exudates from animals dying of B. welchii infec- 
tions show capsules fairly frequently. 
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Spores.—The question of sporulation of B. welchii has been studied ex- 
tensively, but still remains a subject of considerable controversy. Spores never 
occur in media in which the bacteria produce acidity. It seems pretty definitely 
established that this germ can only sporulate in neutral or alkaline media. In 
serous exudates spores are usually not present. Cultures grown for more than 
a year in sugar-free broth containing white of egg fail to show spores. Some 
strains occasionally sporulate more or less rapidly in this medium; whereas cer- 
tain other strains sporulate abundantly only on coagulated horse serum. Direct 
examination is-often insufficient to demonstrate the presence of spores; they 
are very rarely seen in smears stained with Gram. They are stained with difficulty 
by the Ziehl method, and in many cases can only be demonstrated by the heating 
method.** They are seen rarely in the serous exudate of necrotic muscle, more 
especially with toxic strains of the Bacillus welchii. Fig. 1 shows one such spore 
amidst numerous vegetating bacilli. Spores are oval, occasionally attaining large 
dimensions, and they are almost always free. Where they are enclosed in the 
body of the bacillus, they are median or subterminal, and extend beyond the body 
of the bacillus. The spores of the B. welchii, as a rule. show little resistance to 
heat. It is known that they are usually killed by boiling. Serous exudates heated 
for one to three minutes at 100° after inoculation in broth tubes usually fail to 
grow B. welchii. At times it is possible to obtain cultures of this bacillus in broths 
inoculated with pathologic fluids that have been boiled for three to five and even 
eleven minutes, provided media have been heavily inoculated (Weinberg). 


B. CULTURAL CHARACTERISTICS 


The bacillus of Welch can be grown fairly easily in anaerobic media. For 
a long time it was thought necessary to have strictly anaerobic conditions, and 


many anaerobic apparatuses were suggested for the cultivation of this micro- 


organism. 

Tt was first shown by Tarozzi' that this organism could be cultivated in broth 
tubes containing sterile pieces of liver tissue, and later by Ori and Wrzosek” 
that the addition of sterile raw or autoclaved pieces of potato or other vegetable 
matter would also permit of anaerobic cultivation in what was formerly consid- 
ered aerobic media. Douglas, Fleming and Colebrook” and later Wright and 
Fleming’ showed that the Bacillus welchii could be cultivated in tubes of glucose 
broth containing a small quantity of asbestos wool, -or even ordinary absorbent 
cotton, wool, platinum black, a rusty nail, and even a fine capillary tube containing 
diluted Welch bacillus culture. Besides these substances, cultures have been 
obtained by the addition of pieces of vegetable, such as potato, carrots, white 
heans, bread, cabbage, as well as cheese, sterile earth, dried and powdered albu- 
min. All of these substances apparently create a nidus which protects inocu- 
lated bacilli against the effect of dissolved oxygen of the medium and give the 
organism its initial growth. As it grows it creates further anaerobic conditions. 
It is the most easily grown anaerobic organism of those met with in gaseous in- 
fections. 

It does not grow as well in ordinary agar as in agar to which protein and 
carbohydrate have been added. The addition of blood or serum to ordinary agar 





STUDIES ON PATHOGENIC ANAEROBES 377 


appreciably increases the vitality of the culture. Veillon’s agar is a particularly 
good culture medium. 

Veal Infusion Broth with 0.2 Per Cent Glucose.—Abundant growth with pro- 
duction of a large amount of gas. Clouds medium uniformly within the first 24 
hours, and the culture settles slowly but progressively in several days at the bot- 
tom of the tube. The sediment packs down, and occasionally black pigment 
granules are present in the sediment. The culture has a butyric acid odor and 
the reaction is acid to litmus. 

In sugar-free broth, to which a cube of coagulated egg white has been added, 
the same cultural characteristics are manifest. Egg albumin is slightly attacked 
at its margins or remains unaltered. After several months’ incubation, it may 
become completely transparent, and is accompanied by a strong, disagreeable, 
nonputrid odor. 


Fig. 2.—Various types of colonies of B. welchii. A. Low magnification. Bb. High mignification. (Army 
Medical Museum.) 


Liver Cube Plus Peptone Water——Same cultural characteristics as above 
except that gas bubbles arise from liver and medium clouds within six to twelve 
hours. The liver cube turns brick red. 

In blood broth, hemolysis occurs, the medium taking on a brownish tinge. 
There is a pronounced butyric acid odor. 

Trypsinized Serum of Wright.—The bacillus grows well if sterile trypsin is 
added in 1/25 of its volume to normal serum. 

V eillon Agar.—Development with marked production of gas and fragmenta- 
tion of the agar. The colonies occasionally grow up to the water of condensation 
on the surface. Colonies have well-defined margins and are lenticular in shape. 
Certain variations in the forms of the colonies are often seen. Often they begin 
as “yellowish heart-shaped” forms and later develop into small “brioche-like” 
shapes, as the results of growths of small protuberances from the notches of the 
previously described heart-shaped forms. Fig. 2 shows the various shapes of 
the colonies of B. welchii. On the surface of agar, colonies appear round in 
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shape, with well-defined margins, grey in the center, and more transparent at 
the margins. Occasionally the lenticular colony develops a circular margin which 
has streaks radiating out toward the periphery, giving the colony an iris-like 
appearance. In glucose gelatin, colonies are of the same appearance as those 
seen in deep agar. Liquefaction of gelatin is slow and incomplete. It sometimes 
requires incubation over a period of months before the gelatin is liquefied to at 
least 14 or 4 of its depth. Some strains liquefy gelatin completely after several 


months’ growth. 

On blood agar the colonies grow as well-defined, circular, slightly raised 
colonies with an opaque center which is granular and a periphery which is more 
translucent. The colony usually appears after 24 hours’ incubation as small, 
opaque points and, after several days’ growth, assumes typical colony shape. It is 
usually surrounded by a clear zone due to the hemolysis of the blood in the 


medium. 

Deep Trypsin Agar.—B. welchii grows readily in this medium, producing a 
large amount of gas which fragments the medium, and forms lenticular colonies 
which grow up to within the water of condensation. 

Andrade Veillon Agar—tThe addition of 1 per cent solution of neutralized 
acid fuchsin to veillon agar inhibits somewhat the development of this bacillus. 
The colonies are less numerous and smaller, assume a light brick red color 
after several days’ incubation, and the surrounding medium becomes tinged a 
light salmon color. 

Litmus Milk.—Sometimes the litmus is reddened and sometimes it is com- 
pletely decolorized. Coagulation occurs quickly en masse, owing to the large 
amount of acid produced. The clot then contracts, is riddled with gas bubbles, 
which gives it a sponge-like appearance, and floats on the clear whey. This re- 
action in milk is very characteristic and is spoken of as stormy fermentation. 
The milk has a butyric acid odor. This takes place within from 8 to 24 hours, 
provided fresh milk, which has been boiled and cooled previous to seeding, is 
used. Otherwise reaction is delayed for as long as 48 hours. 

Coagulated Serum.—Very slightly attacked by some strains; usually is not 
changed at all, even after several days’ incubation. Sporulation is at times very 
abundant in this medium. Swollen forms appear occasionally with free spores. 
Some bacilli staining with Gram often contain spores. 

Meat Broth.—Culture is less abundant, media has a weak butyric acid odor, 
sporulation occurs at times, and meat assumes a brick red color. 

Resistance.—Extremely feeble acidity corresponding to an H-ion concentra- 
tion equal to that of a 1:30,000 N/HCI is sufficient to inhibit bacterial activity. 
(Wolf and Harris.) 

Heat.—Heating above 90° is sufficient to stop the growth of the majority of 
strains. 


C. BIOCHEMICAL PROPERTIES 
1. Saccharolytic Properties —The B. welchii contains a very powerful sac- 


charolytic ferment and attacks carbohydrates, resulting in the production of gas, 
accompanied by a marked acidity. P. Simonds, who has studied twenty strains 
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derived from different sources, from this point of view, divides the B. welchii 
into four groups: 

Group I ferments inulin and glycerin, resulting in the production of gas and 
acid, and no spores form in either of these media. 

Group 2 ferments glycerin, with the production of gas and acid, but does 
not ferment inulin, and forms spores only in media containing inulin. 

Group 3 ferments inulin, but not glycerin, and forms spores in media contain- 
ing glycerin. . 

Group 4 ferments neither inulin nor glycerin and sporulates in both media. 

This classification has been confirmed by H. Henry,?® who has studied numer- 
ous strains of B. welchii isolated from war wounds. According to this author, B. 
welchii ferments constantly glucose, levulose, galactose, saccharose, maltose, raf- 
finose, mannose, starch, dextrin and glycogen. Wolf and Harris have found that 
the B. welchii produces gas in media containing 3 to 4 per cent of lactose. The gas 
produced is 3.8 times the volume of the original medium. Gas is occasionally 
formed from certain amino acids which are glycogenetic. The gas is composed 
of hydrogen and carbon dioxide in the proportion of 2:1. Nitrogen has never 
been demonstrated in the gas that is formed. There is a latent period in gas 
production which lasts from four to eight hours when properly prepared medium 
is seeded with an active strain. Following this period there is a sudden drop in 
the production of gas, which seems due to a partial inhibition of the growth of the 
organisms by the products which are formed. There is then a secondary rise 
which reaches its maximum in about 24 hours. 

During the latent period there is a slight rise in the H-ion concentration of 
the medium, and a maximum rise which corresponds with the production of acid 
during the sixth to the eighth hour. 

The maximum gas production is attained when the H-ion concentration is 
that which corresponds to Ph = 4.52 to Ph = 4.56. When the acidity is increased, 
there is an inhibition of the metabolic activity of the microorganism. 

The acids produced are 60 per cent volatile. These volatile acids consist 
chiefly of normal butyric acid varying from 5.4 grams to 8.3 grams per liter. 

2. Proteolytic Properties.—The proteolytic properties of the B. welchii are 
still the subject of much discussion. It will liquefy gelatin slowly, will attack 
very feebly and slowly egg albumin, and does not seem to influence casein. Cer- 
tain strains attack very slowly coagulated serum albumin. ‘Tissier and Martelly 
consider the B. welchii an energetic proteolytic agent, particularly in sugar-con- 
taining media. In protein-containing media, the Bacillus welchii first forms 
amino acids before it begins to ferment carbohydrate substances. (Wolf and 
Harris. ) 

Peptolytic Power.—P. Simonds finds that it produces very little ammonia, 
even when inoculated into sugar broth, indicating that its power of breaking 
down noncoagulable nitrogen is negligible. Search for indol has given very con- 
tradictory results. The ability to produce indol seems to vary a great deal, de- 
pending upon the strains that are studied. In peptone water which contains 30 
per cent of its nitrogen as amino acids, the Bacillus welchii forms, in addition, 
often as much as 20 milligrams of nitrogen contained in amino acid form. Ac- 
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cording to Wolf and Harris, the B. welchii is therefore peptolytic and, in media 
which contain only amino acids, it is also aminolytic. In media prepared from 
meat which is digested by trypsin and erepsin to the point where no biuret react- 
ing substances are present, Bacillus welchii is still capable of metabolic activity, 
as shown by the increase in the amount of ammonia nitrogen and the reduction 
in the amount of amino acid nitrogen. According to Tissier and Martelly, the 
B. welchii secretes, in addition to a trypsin and an amylose, a fat-splitting fer- 


ment which saponifies fats. 


D. SEROLOGIC CHARACTERISTICS 


1. Hemolysins.—It secretes hemolysins for the blood corpuscles of man, 
rabbits, dogs, pigeons, white mice, hogs, cattle, sheep, horse, guinea pig. white rat, 
and hen. It dissolves hemoglobin out of the red cells of the guinea pig, rabbit, 
hen and pigeon. It destroys the red cells of the other animals. Young rabbits, 
dogs, and white mice show hemoglobinuria following injection of these sub- 
stances. This hemolytic substance is destroyed by heating to 60° for one-half 
hour, prolonged incubation and exposure to light. It passes only partly through 
a Berkefeld filter.2?. It can be conserved in the ice chest. Cultures which have 
no hemolytic substances often contain hemagglutinins. Young cultures 15 to 
16 hours in glucose broth contain an appreciable amount of hemolytic substances. 
One-tenth of a c.c. of total culture will hemolyze a dilution of red cells corre- 
sponding to 1/40 to 1/20 of a c.c. of packed red cells, 1.0 c.c. having therefore 
sufficient hemolysin to dissolve 4% to % of a c.c. of packed red cells. Forty- 
eight hour cultures rapidly lose their hemolytic substances. It is neutralized 
by the serum of a large number of animals. Horses have normally an appre- 
ciable amount of antihemolysin. White mice are very susceptible to the Welch 
hemolysin. 

2. Agglutinins—-It has been possible to produce agglutinating substances 
by the injection of massive amounts of culture into rabbits and horses. The 
best agglutinating serum agglutinates its homologous strain in 1/500 and 1/2000 
dilution, whereas a serum furnished us by Dr. Weinberg agglutinated a strain 
isolated from an infected war wound in a dilution of 1-800. A good agglutinating 
serum may be prepared by the injection either of washed bacilli or bacillary 
emulsions detoxicated by the addition of 14 of its volume of Lugol’s solution. 

3. Precipitins —McCampbell** produced precipitins in the serum of rab- 
bits, and Korentchewsky** claims to have produced precipitins in the serum of 
animals injected per rectum and fed with filtrates from cultures of B. welchii. 

4. Bacteriolysins.---McCampbell claimed to have produced bacteriolysins 
against the B. welchii. In 1915, we succeeded in producing bacteriolysins in a 
horse injected with small quantities of killed and living cultures of the B. welchii 
which had a bacteriolytic titer of 1:100 and % c.c. of which protected against 
a lethal quantity of a 24 hour culture. 

5. Complement-Fixing Bodies—McCampbell found complement-fixing bod- 
ies in the serum of animals injected with B. welchii. Korentchewsky claimed 
similarly to have found complement-fixing bodies in the serum of dogs fed with 
culture filtrates. Rocchi? did not obtain uniform results. 
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6. Toxins have been isolated from cultures and are best separated from 18 
to 24 hour cultures of the bacillus in glucose broth. Bull** has suggested the 
use of broth to which fresh pieces of rabbit muscle are added, whereas De Kruif?” 
has suggested the addition of 15 volume of horse serum. Antitexins have also 
been prepared, but their method of preparation and titration will be more fully 


discussed in a subsequent paper. 


D. PATHOGENIC POWER 


The pathogenicity of the B. welchii is extremely variable, as is that of all 
the anaerobic bacteria encountered in gaseous gangrene. Strains isolated from 
fatal cases of gaseous gangrene are usually very pathogenic for the guinea pig, 
and are able to retain their virulence over a period of months. The pathogenic 
power is titrated by injecting 24 hour cultures of the bacillus in 0.2 per cent 
glucose broth into the muscles of the thigh of a guinea pig. 

One-fourth to % of a c.c. of 24-hour culture in glucose broth of the most 
pathogenic strains kills a guinea pig in 24 to 48 hours. The best strain studied 
at the Central Medical Department Laboratory of the A. E. F., killed a 350 gram 
guinea pig in less than 20 hours following injection of 49 of a c.c. of a 20-hour 
culture in broth. 

By separating the toxin from young cultures either by centrifugation or 
filtration through Berkefeld or Mandler filters, it is possible to obtain a toxin 
which will kill a guinea pig following intravenous injection of 1% to 1.0 c.c. 
within five minutes. 

The study of experimental infection with B. welchii has thrown a great 
deal of light on the pathogeny of gas gangrene. For a long time there was 
a great deal of discussion regarding this point. It was thought by many that B. 
welchii was always capable of producing so-called gas bacillus infection. Then 
Marbais*® and others found that injection of large quantities of washed bacilli 
failed to produce any lesions whatsoever in both guinea pigs and monkeys. 
Other investigators then proved that lesions could be produced if lactic acid or 
powdered glass was injected with the bacilli, or if a slight injury to muscles pre- 
ceded the injection.” 

De Kruif*® showed that the toxin of the bacillus exercised a very definite 
aggressive action on the bacilli. Washed bacilli in relatively enormous quantities 
produced no or very slight injury, whereas the addition of minimal quantities of 
toxin would produce rapidly a very fatal result. 

The symptoms following injection of bacilli plus toxin or after injury to 
muscles are invariably the same. If culture is virulent, it is not uncommon to 
see swelling and induration of the region injected within four to six hours after 
inoculation. The swelling increases and in about six to eight hours crackling is 
perceptible. The swelling increases, and extends up to the abdomen. The ani- 
mal hoids its limb in a flexed position to relieve the tension of the tissues. Swel- 
ling is due chiefly to edema, and to gas infiltration. As the bacteria multiply, 
the symptoms of intoxication become manifest and are the same as those ob- 
served when sublethal doses of toxin are injected into the circulation of sus- 
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ceptible animals. They act on the nervous system, producing tremor, slight 
convulsion, hiccup, bristling of the hair, constipation by paralysis of the bowel, 
They affect the circulatory system as evidenced by the extreme rapidity of the 
pulse. 

Before death, paralysis of the hind legs occurs and the animal refuses food. 
It remains hunched up and motionless, and its respirations are markedly in- 
creased. Death intervenes by respiratory failure rather than by cardiac paralysis, 

The lesions are those referable to the muscles, the blood vessels and the 
fat of the subcutaneous connective tissue. ‘The muscles are first rendered ne- 
crotic by contact with the toxin which is a protoplasmic poison, and this has 
been shown experimentally in vitro by K. Taylor**. The carbohydrates of the 
necrotic muscle are then attacked in turn by the saccharolytic ferments of the 
bacilli which produce gas and acid. The gas infiltration results from this change. 
The edema which occurs has been ascribed by some authors to the acid pro- 
duced,’ whereas others maintain that it is due to the pressure of the infiltrating 


gas. 


The toxin seems to exert a specific effect on the muscle fibers of the media 
coat of the blood vessels, with a tendency to rupture of the blood vessels and 
consequent hemorrhage. ‘The exuded blood is hemolyzed by the hemolytic sub- 
stances secreted by the B. welchii. This diffusion of laked blood is particularly 


noticeable with toxic strains. 
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LABORATORY METHODS 


A METHOD FOR THE COLLECTION OF URINE FROM EACH KIDNEY 
SEPARATELY IN THE DOG* 


By F. S. Hopkins, M.D., anv W. C. Quinsy, M.D., Boston, Mass. 


N the conduction of certain types of experimental investigation it is important 

to be able to obtain the product of each kidney separately, and especially is 
this importance noted in work dealing with experimental nephritis. Of course, 
in those cases where the experiment can be performed as an acute one, lasting at 
the most only a few days, it is quite feasible to collect the urine from each ureter, 
which has been provisionally delivered from the abdomen onto the surface of 
the skin in the loin. For prolonged observation, however, this method is not 
feasible on account of the unavoidable advent of infection which soon manifests 
itself and leads to definite pyelonephritis and death. 

In the female dog it is possible to collect urine separately from the bladder 
by means of the cystoscope, but this method also has very definite limitations. In 
the first place one must be very adept at cystoscopic technic, because the use of this 
instrument in the dog’s bladder is made more difficult than it is found to be in 
the human bladder on account of the fact that in the dog this viscus is practically 
an intraperitoneal organ, and therefore very movable. Furthermore, the dog’s 
ureter, on leaving the bladder, takes a downward and sometimes a downward 
and forward course for approximately 1 cm., thus making the introduction of a 
ureteral catheter very difficult, but, as mentioned above, ureteral catheterization 
is possible in the dog, although it can not be performed widely and also can not be 
performed frequently because of the extreme sensitiveness of the bladder mucosa 
in this animal. This latter fact leads to hyperemia and edema about the ureteric 
orifice which has been catheterized, thus making the identification of the orifice 
at a second period quite difficult. , 

A further method of segregation of the dog’s urine, and one which we believe 
to be superior to any other, is made possible by the use of the uterus as a receptacle 
of the products of one kidney while the normal relations between the bladder and 
other kidney are maintained. As will be seen from the diagram this is not an 
especially difficult procedure. Its description is as follows: By laparotomy the 
ureter on one side is delivered from behind the peritoneum and cut across at a 
convenient point above the bladder; the stump remaining attached to the bladder 
is tied off. The corresponding horn of the uterus is then incised by a small longi- 
tudinal cut, and an anastomosis is made between the ureter and uterus. ‘This 

*From the Laboratory of Surgical Research, Harvard Medical School, Boston. 

Reported at the tenth annual meeting of the American Society for Clinical Investigation, Atlantic 


City, June, 1918. 
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union is made much easier by using as a splint a small No. 5 ureteral catheter. 
This is first passed up the ureter toward the kidney for a sufficient distance and 
then its lower end passed in through the incision in the uterus until it appears at 
the vulva. The ureter is then stitched to the uterus with a few interrupted stitches 
of blood-vessel silk. The cornu of the uterus above the point of anastomosis is 
then ligated in order to prevent the extension of urine in an upward direction, and 
similarly the opposite cornu is then closed and the catheter appearing through the 








1.—Semidiagrammatic sketch of anastomosis between ureter and left uterine cornu. Insert shows 
detail of anastomosis using ureteral catheter as splint. 


vulva is cut off so as to be inaccessible to the dog. If it be intended to prolong 
the observations over a considerable period of time, it is easy to avoid the com- 
plications which might be caused by the advent of catamenia by the removal of 
the ovaries at the time the anastomosis is made. 

We thus have established a condition in which the urine drains through the 
catheter into the vagina for a period of approximately 48 hours, after which the 
catheter can be safely withdrawn by forceps introduced into the vulva. At the 





386 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


end of one week it is possible to collect the products of each kidney in the follow- 
ing fashion: A glass tube is adjusted so as to fill the vulva and with this in place 
collection can be made over the required time period. The urine from the bladder 
is subsequently withdrawn by catheterization through the urethra. Analysis of 
the urine collected by this uterovaginal route shows it to be normal and similar 
to that from the other side, with the exception that it is apt to contain an excess of 


mucus. 





SOME LIMITATIONS OF THE FLOTATION METHOD OF FECAL 
EXAMINATION* 


By J. Datey McDonatp, M.S., BERKELEY, CAL. 


HE brine flotation-loop method of fecal examination for intestinal worms was 
first employed by Kofoid and Barber’ in the examination of troops of the 
United States Army. 

This method is based on the fact that the specific gravity of the ova of the 
worms is considerably less than that of a saturated solution of sodium chloride. 
Barring interfering factors, this will result in the rise of the ova to the surface 
of the brine mixture of feces, while the heavy and the penetrabie material will 


settle, thus producing a marked segregation. The authors give the following ac- 


count of the manner of procedure. 


“The method finally perfected by us may be designated as the brine flotation- 
It consists in mixing a large fecal sample thoroughly in concen- 
trated brine, in a paraffined paper can of from two to three ounces capacity, fore- 
ing the coarse float below the surface by means of a disk of No. 0 steel wool, and 
then allowing the can to stand one hour for the ova to ascend. The surface film 
is then looped off with wire loops, one-half inch in diameter, and examined on a 


loop method. 


slide without a cover glass.” [Page 1558. ] 

This method was adopted for making routine fecal examinations by the 
Division of Parasitology of the California State Board of Health in January, 
1919. Its advantages over other methods in matters of rapidity, simplicity, and 
adaptability have already been demonstrated beyond doubt. During the first half 
of the year several hundred Orientals (residents of California) were examined 
both for intestinal worms and for intestinal protozoa. A small portion of each 
fecal specimen was set aside for the protozoan determination and the remainder 
examined by the flotation method as just described. Early in this work the ova 
of Clonorchis sinensis were found in the smears being examined for protozoa, 
while in the portion of the identical specimen, on which the flotation method had 
been previously employed, not a single ovum had been found. In the next 500 
specimens examined, ten cases of clonorchiasis were diagnosed by means of the 
method used for protozoa. An equal number must have passed undetected, for 
the method of examination for protozoa necessitates the use of an extremely 
small sample of feces and permits little or no concentration. From the same 500 
specimens no ova of Clonorchis were found by the flotation method. These re- 


*Contribution from the Division of Parasitology of the California State Board of Health, Berkeley, Cal. 
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sults subject to question the effectiveness of this method for Clonorchis sinensis, 
and the following experiments were undertaken with the hope of eliminating this 
element of uncertainty. 

The first test consisted in making a careful comparison of the flotation and 
the centrifuge methods, using for this purpose forty specimens among which 
there was likelihood of finding some cases of clonorchiasis. The specimens were 
divided, furnishing a part for each method. The procedure followed in the 
centrifuge method was that employed in the United States Immigration Station 
Hospital, Angel Island, California, and described by Billings and Hickey.? The 
results of this comparative test may be found in Table I. From these results it 
will be seen that the flotation method is more critical than the centrifuge method 


TABLE I 


CoMPARATIVE RESULTS IN DETECTION OF Ova IN Forty SPECIMENS EXAMINED BY BoTH THE 
CENTRIFUGE AND THE FLOTATION METHODS 








POSITIVE FOR NUMBER OF CASES DETECTE!|NUMBER OF CASES DETECTED 
s ‘ 8Y THE CENTRIFUGE METHO!| BY THE FLOTATION METHOD 





Trichuris trichiura 13 15 
Ascaris lumbricoides 10 11 
Hookworm 3 5 
Clonorchis sinensis 3 | 0 





for the detection of the ova of the three nematodes found, but it completely failed 
in the detection of the ova of the trematode, Clonorchis sinensis. At the conclu- 
sion of the experiment, the sediment remaining in the containers in which the 


brine had been used, was examined. A large number of ova of Clonorchis were 
present in each of the three cases in which their presence was previously shown by 
the centrifuge method. The ova had been present, but had not risen to the sur- 
face of the brine emulsion. 

There seemed a possibility that the age of the ova or the length of time 
allowed for flotation might be factors in their failure to rise. Some evidence 
regarding these matters was furnished by experience in the routine examinations 
in the laboratory. The 500 samples among which the ten cases of clonorchiasis 
were found had been sent to the laboratory in several different lots and had been 
from one to four days in transit. The specimens used in making the comparison 
of the centrifuge and flotation methods had been voided within the previous 
nine hours. ‘These two considerations would indicate that variation in the age 
of the ova from the time of deposition up to four days following makes no ap- 
preciable difference. ‘The time elapsing between the mixing of the specimen and 
the looping off of the surface, i.e., the flotation time, often varies from forty-five 
minutes to one hour and fifteen minutes in the making of routine examinations, 
due to frequent interruption preventing the looping off of the surface at the 
exact expiration of one hour. So, within these limits it was already evident that 
the flotation time was of no consequence. 

A few simple laboratory tests of a corroborative nature were made possible 
through the kindness of Dr. J. P. Hickey of the United States Immigration Sta- 
tion, Angel Island, California, who supplied material containing an unusually 
large number of the ova of Clonorchis sinensis and some ova of Trichuris tri- 
chiura. ‘The first use of this material was made about twenty-four hours after 
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being voided. For the first two experiments (A and B) it was mixed with feces 
containing ova of the sort recently described by Kofoid*® as those of a new 
parasitic nematode of man, Oxyuris incognita. These ova, with those of Tri- 
churis already in the original material, served as a control on the method. Ex- 
periments A and B were identical, being intended as a check, each against the 
other. In conducting the experiments care was taken to follow closely the de- 
scription by Kofoid and Barber. Paraffined 2-oz. drug cans served as containers 
and No. 0 steel wool was used for filtration. A period of fifteen minutes was 
allowed to elapse before looping off the surface for the first examination. Pre- 
vious experience had shown this to be the minimum time during which diffusion 
currents would cease and permit any appreciable stratification to take place. 
Sampling before such stratification had occurred would be equivalent to mixing 
the material in water merely, and removing a drop for examination while the 
material was still in suspension. Following the first examination, the surface was 
looped off and examined at fifteen minute intervals up to one hour and then at 
thirty minute intervals until two hours after mixing. This procedure was much 
simpler than preparing a special sample for each period. Besides, since care was 
taken to make sure that the entire surface was removed each time, the number of 
ova found at each examination represented almost exclusively those which had 
risen during the preceding interval. As a result some evidence was gained re- 
garding the most opportune time for looping off the surface when making routine 
examinations. This manner of conducting the experiments must be borne in 
mind when referring to Table II, for in the usual procedure the number of ova 


TaBLe II 


RESULTS OF EXPERIMENTS TESTING THE EFFECTIVENESS OF THE BRINE FLOTATION-LOOP METHOD 
IN THE DETECTION OF OPERCULATED Ova 








EXPERIMENT| EXPERIMENT EXPERIMENT EXPERIMENT EXPERIMENT 
FLOTATION A. B. Cc. D. E. 
TIME | AGE OFOVA | AGEOFOVA® AGEOFOVA AGEOFOVA | AGE OF OVA 
24 HRs. 24 HRS. 24 HRS. 48 HRs. 72 HRS. 
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lrichuris trichiura 
lrichuris trichiura 
Trichuris trichiura 
Clonorchis sinensis 
Trichuris trichiura 
Age of ova, 48 hrs. 
Age of ova, 12 hrs. 


Trichuris trichiura 
Experiment with the ova of 


Clonorchis sinensis 
Pneumonoeces similiplexus. 
Fasciola hepatica. 


Clonorchis sinensis 
Experiment with 
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*In these examinations two or three ova were found, not on the surface of the drop, but in the 
sediment which had settled on the slide. 
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reported at one hour would be the sum of those reported in this table for the 15, 
30, 45 minute and one hour intervals. Experiments C, D, and E were identical 
with A and B, except that the ova used were progressively older. Table II gives 
in detail the results for each experiment at the stated intervals. 

It will be noted from Table II that not a single ovum of Clonorchis was de- 
tected by the flotation method. That they were present in enormous numbers is 
proved by the counts made of the number to be found in a drop of the sediment 
under a single 22 mm. square cover glass. The lesser number of ova in the sedi- 
ment in experiments A and B is due to the fact that the material used was mixed 
with a more than equal quantity of feces not containing the ova. 

There are two obvious differences between the ova of Clonorchis and those 
of the other parasites in the detection of which the flotation method has proved 
so effective. First, the ova have an operculum, characteristic of the ova of most 
of the trematodes (excluding, of course, Schistosoma). Second, they are of 
very small size, varying from 23 to 27 microns long by 11 to 14 microns broad. 
This led to the trial of the method on the operculate ova of two other trematodes. 
The ova first used were not from a human parasite but from Pneumonoeces simi- 
liplexus, the lung-fluke of frogs and salamanders. This form was chosen because 
the material was readily available and because the ova are approximately the size 
of those of Clonorchis, though having a somewhat thinner shell. The ova from 
two of these flukes, which had been deposited in water, were mixed with human 
feces in considerable concentration. The remainder of the experiment was con- 
ducted the same as those described above. No ova were detected, though many 
were found in the sediment (see Table IT). 

Other operculate ova used were those of Fasciola hepatica. These were 
obtained from infected cattle, and were mixed with human feces. The material 
was then manipulated in the same manner as in the previous experiments. None 
of these ova were floated to the surface during the entire period of two hours. 
The concentration of the ova in the material used is indicated by the number 
found in the sediment after the use of the brine (see Table IT). 

In most cases, after examining the surface of the drop on the slide, the ex- 
cess fluid was removed, leaving any sediment which might have settled through 
the drop. Examination of this sediment in each of three cases revealed two ova 
of Clonorchis and in several instances two or three ova of Pneumonoeces were 
found. These instances are marked by an asterisk in Table II. The presence of 
these ova in the material looped off is probably explainable by their adherence to 
debris. Should an ovum become attached to a bit of debris which subsequently 
floated to the surface, then the ovum would be carried up with it. Both would 
then be looped off onto the slide. In routine manipulation the wire loop is usually 
struck sharply against the slide in order to break and release the film which it 
has transferred. This concussion would in all probability loosen the ovum from 
the debris, whereupon the former would settle to the bottom of the drop on the 
slide and completely escape notice in an examination of the surface of the drop. 
Only the surface of the drop is supposed to be examined in regular procedure.‘ 

This explanation is strengthened by the fact that the largest and heaviest 
ova, those of Fasciola hepatica were never found, the next in size and weight, 
those of Clonorchis sinensis were found in only ten per cent of examinations, 
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while the smallest and lightest, those of Pneumonoeces similiplexus, were found 
in the sediment on the slide in eighty per cent of the examinations. This behavior 
would be logically expected, for small light ova would be carried much more 
readily than heavy ova by adhering to bits of debris. 


DISCUSSION 


Kofoid and Barber in their original description of the brine fotation-loop 
method call attention to its ineffectiveness in the detection of infection with 
Strongyloides.* In the same paper the authors make a tabulation showing the 
comparative efficiency of this method and the centrifuge method, but in it no 
ova of trematodes, in fact no operculate ova of any sort, are recorded. How- 
ever, the following statement occurs somewhat further along. “The ova of 
parasites such as * * * and of trematodes are floated up by the brine into 
the surface layer of the pool without distortion or noticeable change in appear- 
ance during the usual period of examination” (page 1559). The results reported 
in this paper make it necessary to qualify this statement with regard to the ef- 
fectiveness of the flotation method for the ova of trematodes, and subject to 
question its effectiveness in the case of all operculate ova. In the report made 
by Kofoid, et al,° of the occurrence of intestinal parasites in troops of the United 
States Army, of a total of 1500 examinations made by this method only one 
operculate ovum was detected, viz., that of Diphyllobothrium latum.? How- 
ever, this is in all probability due to the fact that those parasites which pro- 
duce operculate ova are very rare in those who have not resided or traveled 
much outside of the United States. 

In the above experiments the failure of the ova to float to the surface of the 
brine could scarcely be due to their density, for all of them have comparatively 
thin shells and are probably of less specific gravity than the ova of Ascaris or 
Trichuris. It may perhaps be explained by the permeability of the ova. Ste- 
phens® gives an account of certain yolk granules, not always used up during the 
development of the embryo, which he believes must serve some other purpose 
than food supply, possibly that of imbibing water for the use of the embryo. If 
this is the case then it may be that the brine penetrates the ova of trematodes. 
But the penetration must needs be very rapid for examinations were made in 
each experiment within fifteen minutes after addition of the brine. No other 
direct evidence regarding this hypothesis was gained from these experiments. 

A seemingly more plausible explanation of the failure of the flotation 
method is suggested by the condition of the ova following their treatment with 
the brine. Invariably, following the use of the brine, ova were found, in which 
the operculum had become separated from the rest of the shell. Of the ova 
found in this condition the proportion varies from fifteen per cent in Pneumo- 
noeces to fifty per cent in Clonorchis. In those ova in which the operculum had 
not actually opened, the line of attachment was markedly more conspicuous, 
than in untreated ova, suggesting that it had been loosened. The loosening is 
probably caused by either osmotic pressure or the variation in pressure between 
the medium and the contents of the ovum. Apparently the stage of develop- 
ment made no difference in the opening of the operculum, for it occurred in both 
Clonorchis and Fasciola. In the former the content of the ovum is a nearly 
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completely developed miracidium while in the latter the embryo is in the early 
cleavage stages only. Since fhe efficacy of the flotation method is dependent 
upon the lighter specific gravity of the ovum as compared with the brine, the 
loosening of the operculum and consequent entrance of the brine into the ovum 
defeats the purpose of the method. 

The brine flotation-loop method has many advantages over other methods 
in the saving of time and materials and in the ease of manipulation. However, 
as shown by these experiments its range of application is limited by the type of 
ovum. Infections with Clonorchis and Fasciola are not detected by this method 
and its effectiveness in the detection of any operculate ova is very doubtful. 
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EDITORIALS 


The Science of Ventilation and Open Air Treatment 


HE well-being of a conscious animal in relation to its environment consti- 

tutes the main problem of the study of ventilation. In the case of animals 
leading an outdoor life, it is a problem of relatively little importance, but for 
those like man which spend much of their time in confined spaces, it is a prob- 
lem of great importance, for in them it becomes necessary to determine the lim- 
its within which the outside influences may be altered without detriment to 
health or comfort. 

It is often imagined that ventilation is a matter merely of pure air and that 
it therefore becomes a problem requiring attention only in cases where the air 
has been polluted by the crowding together of many people. This attitude is a 
wrong one, for there is very good evidence to show that much discomfort and 
ill health could be avoided if people understood more clearly the physical con- 
ditions of the atmosphere which bear a relationship to the well-being of the body. 

When our knowledge of the function of breathing became developed to the 
extent of showing that an animal requires the oxygen of ‘the air for the living 
processes of its body, and as a result of these processes that it produces car- 
bonic acid, which is then added to the air, it was natural to suppose that the 
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unfavorable effect of overcrowded confined spaces was due either to the using 
up of the available oxygen or to a poisonous action of the carbonic acid. 

It needs only a few words to point out how utterly erroneous were these 
earlier explanations. That deficiency of oxygen is no factor is indicated by the 
facts, first, that this gas is seldom reduced by more than one per cent, even in the 
most crowded places; and secondly, that people live a normal existence at alti- 
tudes at which the oxygen percentage, measured at sea level, is reduced to less 
than two-thirds the normal. 


[t is not altogether easy to understand why excess of CO, was thought to 
be responsible for the evil effects of vitiated atmospheres. No doubt the chief 
reason was that the percentage of this gas is often raised in such atmospheres, 
but this is nothing more than coincidence, for on the one hand most unsuitable 
conditions may exist when the percentage of CO, is normal, and on the other, 
air loaded with almost a hundred times the percentage found even in the most 
polluted atmosphere can be breathed for indefinite periods of time without any 
unfavorable symptoms. 


As a matter of fact, even in the open, we are constantly taking into the 
pulmonary alveoli large percentages of CO,, for obviously with each inspiration 
the first air to be drawn in is that which remains over in the air passage from the 
preceding expiration. This air contains somewhere about 5 per cent of CO,, 
and in quiet breathing it amounts in volume to about one-third of all the air that 
is drawn in from the outside. This in itself indicates that CO, per se can not be 
poisonous, and when we consider further the now well-known fact that a ¢er- 
tain amount of this gas in the alveoli is absolutely essential to the well-being of 
the animal, the whole hypothesis of its toxic action becomes, to say the least of 
it, absurd. Indeed so important is the presence of this constant amount of CO, 
in the alveolar air that whenever there comes to be a marked increase in the 
amount of CO, in the atmosphere, the breathing becomes greater, so as to ven- 
tilate the air sacs more thoroughly, and thus keep the relative amount of CO, in 
them at the normal level. The extent of this increase in respiration is usually so 
small as to be unnoticed by the individual, and certainly increased breathing is 
not one of the symptoms of which persons complain who are living in polluted 
atmospheres. 

In face of such evidence, even the most ardent supporters of the theory 
that the vitiated air owes its evil influence to CO., were compelled to abandon 
their position, but they did not do so without a final attempt to retain for deter- 
minations of CO, a certain significance in the appraisement of the healthfulness 
of air. Their new interpretation was to the effect that the CO, percentage is 
proportional to the amount of deleterious organic matter, and for many years 
this view prevailed. It is still believed by some that an increase from the normal 
of 3 to 10 parts of CO, per 10,000 parts of air indicates a degree of organic 
pollution which is dangerous to health. More recent work definitely shows, how- 
ever, that this view also must be abandoned, and there remains for CO,-analysis 
only the secondary value that it indicates, in a readily measurable way, to what 
extent the inside air is being mixed by ventilation with pure air from the out- 
side. However free this dilution may be, the atmosphere may still be deleterious 
e health and comfort unless certain other properties of it are incidentally 
altered. 
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This interpretation of the value of CO, analysis naturally leads to a con- 
sideration of the next possibility, namely, that the air in confined spaces is con- 
taminated by the accumulation of organic poisons derived from the exhaled air of 
the persons living in it. It is many years ago now since experiments apparently 
proving this hypothesis were published. These have been shown to be entirely fal- 
lacious, and we need refer to only one group of them here, namely, those that were 
devised to show that inhalation by one animal of volatile proteins contained in 
the exhaled air of others caused anaphylactic reactions. As proof for this hy- 
pothesis, experiments were performed in which a man breathed through a filter 
of glass wool (to catch any saliva) into a cooled vessel, and the condensed vapor 
was then inoculated in appropriate dosage into guinea pigs, so as to sensitize 
them, and a month or so later the animals were inoculated with a minute trace 
of human blood serum. The injected animal showed decided symptoms of ana- 
phylactic shock, whereas other animals not previously sensitized were unaffected 
by the injection of the same amount of serum. Such results taken by them- 
selves did seem to afford substantial support for the new hypothesis, but it is 
almost certain that they depended on contamination of the condensed vapor by 
traces of saliva which it is impossible to keep out by any kind of filter. This sa- 
liva contains traces of soluble protein (mucin) which had been responsible for 
the anaphylactic reaction. The symptoms are, however, entirely dissimilar from 
those of a vitiated atmosphere. Hay fever, some forms of asthma, and the re- 
action which some persons show when near to horses may be due to anaphylaxis, 
but the symptoms are not at all like those of persons breathing polluted air. 

Once and for all, the toxic theory, as we may call it, both in its new and its 
old form, is disproved by a very simple series of experiments performed a few 
years ago by Leonard Hill, Flack and others.t. These observers kept rats and 
guinea pigs in deep boxes so that they were huddled together in a very poorly 
ventilated place, the atmosphere of which indeed often contained 1 per cent of 
CO.—ten times more than the legal limit. The animals lived and thrived for 
months, although they must have been breathing air which was highly con- 
taminated by the supposed volatile proteins. Not only did the animals show no 
symptoms while in the box, but they failed to exhibit any anaphylactic reaction 
when, after some time, they were inoculated subcutaneously with the serum of 
animals of the other species with whom they had been in cohabitation. ‘This was 
really a most excellent test of the anaphylactic theory because there are probably 
no two animals in which anaphylaxis is more pronounced than in the rat and 
guinea pig. ‘The only things that were found to be of importance in maintaining 
the animals in a thriving condition were cleanliness and plenty of food. 

By an eliminative process we are gradually approaching the correct solu- 
tion of our problem, but before we proceed to consider this, it may be well to 
remark that the odor of polluted air has nothing whatever to do with its un- 
healthy influence, except in so far as it excites disgust and puts one off his appe- 
tite. Indeed one very soon becomes so accustomed to these odors that they fail 
entirely to be sensed after a short period in contact with them. Their influence 
is entirely psychologic. In many trades and occupations people are constantly 
exposed to odors that are almost unbearable to one who is unused to them, and 
these people are perfectly healthy, and indeed do not complain at all of the 
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\Ve have so far considered in what is approximately their chronologic order 
the various hypotheses that have been brought forward to account for the harm- 
ful influence of vitiated atmospheres. We have done this mainly in order to cor- 
rect any false conclusions that may still exist in connection with the subject. 


And if further evidence be demanded to justify this position, there is one 
crucial experiment which once and for all shows that changes in the chemical 
comp sition of the atmosphere have no relationship whatsoever to the unhealth- 
ful influence of vitiated air. This experiment is all the more convincing because 
it was performed on healthy young men. In its simplest form it consists in 
crowding as many persons as possible into an air-tight cabinet, provided with an 
electric fan, and with the necessary apparatus for measurements of the physical 
and chemical condition of the air. In describing the results of this experiment, I 
can not do better than quote from Leonard Hill, who, though not the first to 
perform the experiment, has so greatly extended our knowledge of the science 
of ventilation during recent years. 

“After 44 minutes the dry-bulb thermometer stood at 87° F., the wet bulb 
at 83° F. The carbon dioxide had risen to 5.26 per cent. The oxygen had fallen 
to 15.1 per cent. The discomfort felt was great; all were wet with sweat and 
the skin of all was flushed. The talking and laughing of the occupants had 
gradually become less and then ceased. On putting on the electric fans and 
whirling the air in the chamber the relief was immediate and very great, and 
this in spite of the temperature of the chamber continuing to rise. On putting 
off the fans the discomfort returned. The occupants cried out for the fans. No 
headache or after-effects have followed this type of experiment which has been 
repeated five times.” Long before the discomfort had become extreme the oxy- 
gen percentage became so low that matches would not light. The disinclination 
to smoke cigarettes was not noticed until some time after it was impossible to 
light them. 

In other experiments of similar type the person in the cabinet was allowed 
to breathe outside air through a tube, but with no amelioration of the uncom- 
fortable feeling, or a person outside the chamber breathed for hours the air in- 
side it through a tube without suffering any discomfort. Clearly therefore nei- 
ther the chemical nature of the air, nor the presence of toxic substances in it, 
has any relationship to its evil influence. But the experiment is not merely de- 
structive of previously held hypotheses; it also points the way to the true solu- 
tion of the problem, for it indicates that stagnation of air loaded with moisture 
has some very close relationship to the discomfort. It shows that a change in 
the physical rather than the chemical properties of the air is the real cause of its 
deleterious action. 

These changes can affect but one function of the body, namely, that of heat 
dissipation, and by so doing cause disturbances in the mechanism of heat con- 
trol. This does not necessarily imply that this disturbance is so great as actually 
to cause an increase in the body temperature, although this is very commonly 
observed in persons who have been for some time in crowded places, but it 
interferes with a mechanism which is responsible not alone for proper heat regu- 
lation but also for the maintenance of a correct relationship of blood supply to 
different parts of the body, and for tonic stimulation of the nervous system.* 
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The mechanism by which the body temperature is maintained is in part like 
that of a radiator, the temperature of which depends, first on the rate at which 
the furnace is burning and second on the cooling influence of the air in contact 
with the radiator. The physical properties of the air which determine the cool- 
ing are those which influence radiation, conduction and convection. In the an- 
imal body, these processes come into play mainly at the surface of the skin, 
where, however, excessive loss is guarded against partly by the low conductivity 
for heat of the skin and of the subcutaneous tissue (fat), and partly by the fact 
that the blood supply to the skin is scanty compared with that of the deeper tis- 
sues, so that the blood flowing in the skin has a decidedly lower temperature than 
that in the tissues a few millimeters deeper. This relationship of superficial and 
deep temperatures is maintained by the action of vasomotor nerves to the blood 
vessels, and whenever the body is exposed to warmer air, the vessels of the skin 
become dilated so as to draft more blood from the deeper to the superficial 
vessels, causing flushing of the skin. Flushing of the skin is therefore a normal 
reaction, but at the same time it is a warning that the heat-regulating mecha- 
nism is being put on a strain. 

3ut these mechanisms are inadequate to account for all the heat loss, for 
man can withstand temperatures that are not greatly below those of his body, 
indeed he can tolerate for some minutes temperatures that are higher. It is 
recorded, for example, that two observers exposed themselves for a short time in 
an oven in which a steak was cooking, and it is well known that certain miners 
work for considerable periods at very high temperatures. 

Evidently some other mechanism independent of the cooling effect of air 
itself, and not acting in the case of a radiator, comes into play. This is evapora- 
tion, and it occurs at two places in the body, at the surface of the skin, where 
sweat is evaporated, and in the lungs where the expired air is saturated with 
water vapor. The physical factors which control the degree of heat loss by 
evaporation at these two places, are not precisely the same. In the case of the 
lungs the inspired air becomes saturated with water at body temperature, and 
the amount of evaporation necessary to do so depends upon the amount of wa- 
ter already contained in the inspired air, that is, on the absolute humidity ; the 
lower this is, the more water will it require to effect saturation. 


In the case of the evaporation of sweat, the amount of moisture vaporized 
from the body depends on the temperature and the relative humidity of the 


atmosphere. 

It is in connection with this phase of the subject, more than any other, that 
many people find it difficult to understand the true significance of relative hu- 
midity to the well-being of the body. The difficulty depends on the fact that 
the relative humidity has an opposite influence at low and high temperatures. In 
the former case it increases the conductivity of the atmosphere for heat and has 
a cooling influence, and in the latter it interferes with the evaporation of sweat, 
and has a heating influence. Below about 65° F. the cooling effect of moist air 
is prominent because there is little sweating, therefore a cold wet atmosphere 1s 
chilling—it conducts heat away. At about 70° F. the cooling effect of air dis- 
appears and sweating occurs. The evaporation of the sweat now causes cooling, 
the degree of which varies inversely with the relative humidity. Between these 
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two temperatures, i.e., 65° and 70° there is a range in which humidity has little 
influence—a neutral region. The influence of high relative humidity on bodily 
comfort at temperatures above the neutral temperature becomes very marked 
indeed; at 85° F. and a relative humidity of 90 per cent, for example, very serious 
symptoms appear in a few minutes, when there is no movement of the air. 

Relative humidity and temperature alone are not, however, the only phys- 
ical conditions to be considered. Another is the movement of the air, for even 
under the unfavorable conditions just cited, immediate relief is afforded if an 
electric fan be started, as it will be recalled was the result in Hill’s experiment. 
The movement of the air enables it, though nearly loaded to its full capacity 
with moisture, to carry away considerable quantities in small loads. 

The wearing of clothes greatly affects the rate with which these changes 
occur. The clothes act as barriers, preventing the movement and exchange oi 
air around the body. The garment next the skin entraps a layer of air which is 
more or less at the same temperature as the skin, and which soon becomes satu- 
rated with moisture at that temperature. Between the inner garments and those 
over them other layers of air are entrapped, each one being at a somewhat lower 
temperature and containing less moisture than the one inside. These layers of 
air, therefore, form stepping stones, as it were, between the extreme conditions 
next the surface of the skin, and the environment of the clothed body. Obvi- 
ously if the layers of air next the skin are to be renewed at such a rate that they 
remain cooler than the skin and unsaturated with moisture, the clothing must be 
adjusted to suit the outside conditions. 

There is every reason for believing that it is because of interference with 
these processes that improperly ventilated and overcrowded places are uncom- 
fortable. The moisture exhaled and evaporated from the bodies soon raises the 
relative humidity so that heat loss is retarded from the skin, and the heat that is 
actually given off raises the temperature so that loss from the body by radiation 
and convection: becomes suppressed. As the temperature steadily rises, the air 
takes up more and more moisture, with the result that less and less heat comes 
to be lost from the lungs in saturating the expired air with vapor. The physical 
conditions of the environment become unsuitable for the physiologic mechanism 
of heat loss, although meanwhile heat production goes steadily on. The body 
furnaces are not damped down in proportion as the loss of heat diminishes, and 
the consequence is a rise in the temperature of the blood—a mild fever. Now it 
is well known that the cellular activities, which, taken together, make up the life 
process of the body are extraordinarily sensitive to change of temperature ; their 
chemical activities become interfered with, they demand more oxygen, they fail 
to get rid of effete products properly, substances which have no action on them 
under the ordinary conditions of temperature become toxic and so forth. A 
highly abnormal internal environment therefore becomes created around the liv- 
ing tissues of the body. 

3ut short of a measurable rise in the temperature, improperly ventilated 
places cause reactions in the human body that are responsible not only for the 
discomfort which is experienced, but also for a lowering of resistance to infec-. 
tions. These reactions are due in the first instance to alteration in the tempera- 
ture differences between the skin and the underlying tissues. Normally, as has 
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been remarked before, this difference maintains at the skin a constant stimulation 
of the thermic nerves, and this stimulation is important in maintaining the tone 
of the nerve centers. The nerve cells that control the functions of the body do 
not originate impulses; they only act when other, afferent impulses arrive at 
them. ‘There are many varieties of stimuli which may excite these afferent im- 
pulses, but none more important than those which excite the heat nerves of the 
skin. This stimulation depends on the rate at which heat is passing through the 
sense organs (or receptors), in which these nerves terminate. It is necessary 
to emphasize that it is the rate of change that acts as the stimulus, and this de- 
pends on the difference between the deep and superficial temperatures. \\ hen 
the skin vessels become dilated so large a volume of blood reaches the surface 
that this difference becomes slight, and the thermic receptors are not stimulated. 
There are many practical applications of these principles; thus it is because of 
stimulation of the thermic skin nerves that cold baths have a bracing effect, that 
the open-air treatment, as in tuberculosis, tones up the body and enables it the 
better to hold its own against the tubercle bacillus, and that sleeping out of doors 
is the best tonic for maintaining good health. In open-air treatment it is true 
that the body is closely wrapped up—-that is essential—but this does not elim- 
inate the cooling influence, for not only does the cool air play on the exposed face 
and hands, in the skin of both of which the thermic nerves are very sensitive, 
but it acts also on these nerves in the skin, under the clothes, for the clothing 
merely serves to regulate the rate of cooling. This still goes on very much more 
than it would with much less clothing in an atmosphere that is stagnant, hot, and 
humid. Open windows in bedrooms are never so healthy as open-air porches, 
because there is no draft. It is the draft that is important. Naturally it must 
be regulated so that it is not restricted to one part of the body only—that obvi- 
ously would introduce conditions to which the body is unaccustomed—it must 
blow equally all over. There is probably no greater fallacy in popular hygiene 
than that drafts are dangerous. Like all good and desirable things they become 
so only when they are improperly used—when a person overheated by being in a 
hot atmosphere is suddenly subjected to a restricted draft, of course there is 
danger that the sudden change of conditions, affecting one part of the body only, 
will cause vascular disturbances that may be undesirable, but if the conditions 
be properly controlled, drafts are the healthiest stimulants and the best tonics. 


This brings us to a problem in ventilation that is attracting very considera- 
ble attention at the present time, namely, the relationship between ventilation and 
infections. It is a common experience not only that ordinary colds, but more 
serious infections as well, can be directly traced to some unsuitable condition 
of ventilation; such as sudden exposure to a draft while overheated, or going 
out into a cold, damp atmosphere from an overheated room. What is the reason 
for the infection under these conditions? At the outset we must recognize that 
all these conditions, colds, catarrhs, bronchitis, just like the more acute infec- 
tious diseases like diphtheria, pneumonia, cerebrospinal fever, etc., are due to 
microorganisms, and the question therefore is, why should unfavorable ventilat- 
ing conditions so frequently be the immediate cause of the attack. 

There are two methods by which the infection might occur. First, by a 
great increase in the number of organisms in the air, and secondly by a lowering 
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of the resistance of the body towards the organisms, which would not then re- 
quire to become increased in numbers. The former method is usually known as 
mass infection, and there can be no doubt that it is very common, perhaps, in- 
deed, is the commonest cause for infection. ‘The organisms, of course, come 
from infected individuals, who add them to the atmosphere in the exhaled air, 
particularly when this is forcibly discharged as in coughing or sneezing, or even 
in speaking. 

I need recall only a few observations in order to illustrate the impor- 
tance of this factor. If the mouth be rinsed with a culture of some readily ree- 
ognizable organism not commonly present in detectable amounts in the atmos- 
phere, and the person, standing in front of a row of Petri dishes, each contain- 
ing some culture medium upon which the organism will grow, then speaks at 
ordinary pitch, the plates, after proper incubation, develop colonies of the organ- 
ism, those nearest the speaker having most, but even those at a distance of sev- 
eral feet also showing them. 

A serious problem in zoological gardens has been to keep animals that are 
highly susceptible to tuberculosis free from this disease. The higher apes, for 
example, inevitably succumb to it, being infected by the tubercle bacilli exhaled 
by persons standing in front of their cages, many of whom harbor these bacilli, 
though they may not show any of the symptoms of tuberculosis. Now it has 
been found that if glass screens are erected in front of the cages, the animals 
remain almost free from the disease. 

But mass infection does not suffice to explain the cause for the onset of 
attacks of many conditions that are, nevertheless, fundamentally due to bacteria, 
such as ordinary colds. These can frequently be traced to some chill, or wet 
feet, or exposure to sudden change in temperature. In such cases it is believed 
that the bacteria are present on the mucous membranes of the upper respiratory 
passages, but that they remain inactive because of the normal protective influ- 
ences which exist on these surfaces. So long as the blood supply is normal, these 
protective influences are adequate to protect the body from invasion, but if this 
should become curtailed, then the bacteria become active and set up pathologic 
processes. Evidence favoring this view has been obtained by several recent in- 
vestigators by finding that the blood supply of the upper respiratory passages 
becomes decidedly curtailed when the surface of the body is cooled. For ex- 
ample Leonard Hill and Muecke' some years ago examined with a speculum the 
mucous membranes of the nose under various conditions, particularly out of 
doors, and in rooms which were ventilated and heated to an average degree. Out 
of doors the mucosa was pale and taut, and when touched by a probe did not 
show any pitting. This is the normal condition. Indoors it was common to find 
the membrane decidedly swollen, flushed with blood and covered with thick se- 
cretion, and when a probe was pressed on it a depression resulted lasting for 
some time. In one case that was frequently examined during these observations 
there was a deflected septum which only partly blocked the nasal passage on 
one side when the person was outside, but which did so completely under unfa- 
vorable conditions of ventilation. It is this swelling of the nasal mucosa and 
probably of that of the cavities which extend upward from it on to the fore- 
head that causes the sense of stuffiness and probably also the headaches which 
are common in crowded, overheated places. 
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The conditions found to bring about these changes with greatest certainty 
were when the feet were cold and the air round the head was warm, conditions 
which are just exactly the opposite of those obtaining out of doors. Here the 
head is usually more quickly cooled than the feet because convection currents 
of cool air play around it freely, whereas next the ground the air is more stag- 
nant. Besides, if the sun is shining the earth becomes heated by absorbing the 
heat. The temperature as registered by a thermometer, either wet or dry bulb, 
may be the same at the feet as at the head. It is not this that counts, however, 
it is the rate of cooling which is dependent, mainly, on the movement of the air. 
Now ina poorly ventilated room, such for example as one heated by a stove, or 
even by radiators, and in which there is no movement of air, the feet become 
cooler than the head, and it is under these conditions that the nasal membranes 
become swollen. It ought to be emphasized that the cause for these changes is 
not cold feet alone. It is the combination of cold feet and hot head. Out of 
doors, it is well known,, that any one may stand with cold feet for hours without 
any risk of catching cold, but then the head is really cooling as fast as the feet, 
because of convection currents. 

The ideal system of warming a room is to supply radiant heat near the floor 
level; open fires, properly flued modern gas fires, and electric heaters at floor 
level are the best methods to attain this. 


Suppose now the person subjected to conditions which cause the mucous 
membrane to become swollen and congested should go outside, then the mem- 
brane at once becomes pale because the blood vessels constrict, but for some 


time it remains swollen and boggy and continues to show pitting with a probe. 
It is while in this state that it offers favorable conditions for the growth of bac- 
teria. ‘he membrane is swollen and covered with secretion, and the blood flow 
is cut down. The natural defensive agencies that are normally carried by the 
blood do not succeed in combating the multiplication of the bacteria in the swol- 
len membrane. After some time out of doors the blood supply returns because 
it is required to warm up the cool air, but this reaction does not occur before 
the mucosa has regained its normal condition.* 

The protective influence of a rapid blood flow through the nasal membrane 
is possibly the explanation of the relative immunity from infectious colds of 
those who work in air containing irritating gases, such as workers in various 
kinds of chemical factories. Even the irritation set up by coal dust may, by 
similar methods, afford some protection against infection by the tubercle bacil- 
lus,—for phthisis is relatively infrequent among coal miners. The supposedly 
antiseptic action of ozone is probably due to a similar irritating effect. Any 
benefit that may be derived from its presence in the atmosphere can not other- 
wise be explained. It is possible that a useful prophylactic practice to avoid 
infection, such as that of influenza, would be to stimulate the nasal mucosa at 
intervals by snuff, but this may be an unwise suggestion. 

After becoming acclimatized to outdoor conditions, the nasal mucous mem- 
brane is in a much more favorable condition to withstend infection than indoors 
because of the very rapid blood flow that is necessary in order to supply heat 

*The congestion of the mucous membrane brought about by warm moist air does not probably de- 


pend on dilatation of the small arteries—entailing increased flow of blood—but rather on dilatation of the 
capillaries and therefore a stagnation of blood. 





EDITORIALS 401 


with which to warm up the inspired air. This more rapid blood flow, and the 
freer flow of lymph which accompanies it, is reinforced by increased secretion, 
which assists to wash away invading bacteria. Mass infection being equal in- 
side and outside, the animal body can withstand it much less satisfactorily in 
the former case. 

These observations on the reactions of the respiratory membranes to atmos- 
pheric conditions have been confirmed by other investigators. Thus Cook* 
caused persons to.breathe forcibly through the nostrils onto a mirror surface, 
and then marked on it with a wax pencil the outlines of the moisture deposited. 
Although the extent of the outlines varied somewhat with the depth of breathing, 
they afford a general estimate of the width of the air passages. It was found 
that there is marked reduction in the nasal air passage in a warm room. Wins- 
low’ also sums up the observations (150 in number) made on this aspect of the 
problem, in the following words: “Ordinarily it was found that heat causes a 
swelling of the inferior turbinate of the nose, tending to diminish the size of the 
breathing space, increased secretion and reddening of the membranes. The ac- 
tion of cold is, as a rule, just the opposite.” : 

Many other observations bearing on the relationship between chilling and 
immunity to infection have been recorded, but it would take us beyond our sub- 
ject to discuss them here. Because of their accuracy and the excellent control 
of possible fallacies, it is important, however, to say something about the recent 
investigations of Mudd and Grant. These observers measured the temperature 
of the mucous membranes of the palate, tonsils, and pharynx by means of thermo- 
couples before and during application to the skin of cold towels, or while cold 
air from a fan was allowed to play on it. A rise in temperature would indicate 
that the part had become more vascular, and a fall, the contrary. That this in- 
terpretation was the correct one was confirmed by direct inspection of the de- 
gree of flushing (redness). It was found that chilling the body surface im- 
mediately caused a fall in the temperature of the mucous membranes which 
could not be accounted for by any accompanying change in blood pressure, or, 
entirely at least, by changes in respiration or by lowering of the temperature of 
the blood. The conclusions are “that chilling of the body surface causes reflex 
vasoconstriction and ischemia in the mucous membranes of the palate, faucial 
tonsils, oropharynx and nasopharynx.” 

And now the final question presents itself. What are the ideal conditions of 
ventilation? It is a most difficult question to answer, and one over which at 
present several large commissions are at work. Indeed most elaborate experi- 
ments have been planned and undertaken to throw light on the question. The 
observations of the New York Commission on Ventilation, and those conducted 
by Mr. Watt, in the Graham School in Chicago, are among the most important 
in this country, and, of course, they interest us much more directly than those 
conducted on the other side, where the climatic conditions are fundamentally 
different. 

Many of the observations have so far been made on properly selected groups 
of school children, taught in classrooms with different ventilating conditions. 
Attention is directed to the general efficiency of the pupils and the condition of 
their health. The temperature, and the humidity of the air are the physical con- 
ditions of the atmosphere which have been more particularly studied, but a 
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great deal more work must be done before any definite conclusions can be of- 
fered. It appears, however, that for school room air a temperature of 65-68° 
F., with a relative humidity of 45-60°/° is the optimum. To maintain these con- 
ditions throughout the period a class occupies the room, usually requires, in this 
country, at least, the addition of a considerable quantity of moisture to the 
ventilating air. The air of most of our school rooms in winter errs on the side 
of being too dry, for under these conditions the mucous membranes suffer in- 
juriously. An excellent summary of the various authoritative conclusions with 
regard to the optimum conditions of ventilation for class rooms is given by 
Burnham in the Pedagogical Seminary.’ 

Although the present review does not venture to discuss the methods that 
are employed for the measurement of the various physical properties which 
have to be considered in gauging its influence on health, or the engineering prob- 
lem of how ideal conditions may be maintained, it may not be out of place to 
mention, in connection with the former of these, that the physical property to 
which most attention should be devoted is the cooling power. This can not be 
done by reading an ordinary thermometer, for this instrument only registers the 
temperature of the piece of wood and of the wall against which it is hung. It 
registers the same whether the air is dry or moist, or whether it is stagnant or 
moving. Somewhat more information regarding cooling power is afforded by 
readings of a wet-bulb thermometer, an instrument in which the bulb is kept 
constantly moist, so that evaporation occurs from it. This evaporation tends to 
cool the thermometer, in proportion to its rate, and since this is dependent 
mainly on the degree to which the air can take up more moisture, we can tell by 
the use of a formula or tables the relative degree of humidity of the air. Still 
this does not tell us the, real degree of cooling which the atmosphere can bring 
about. It does not adequately register the cooling which is dependent upon 
movement in the air, the so-called convection currents. To afford this informa- 
tion, Leonard Hill has invented what he calls the Kata thermometer, by which 
the rate of cooling is directly measured. The instrument consists of an alcohol 
thermometer with a relatively large bulb, and with the scale registering between 
105° F. and 90° F. It is placed in warm water at about the former temperature, 
and is then removed, and the time required for the temperature to fall from 
100° F. to 95° F. is measured by means of a stop watch. This time divided by 
a factor determined for each instrument, and written on the stem, gives the 
actual amount of heat in millicalories per square centimeter per second which 
would be given off from, say the surface of the human body, under similar 
environmental conditions. Hill and his associates* have shown that much im- 
portant information concerning the cooling power of the atmosphere can be 
gained in this way, which can not be gained by any other. 
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EDITORIALS 


Influenza 


W ITH the increase of influenza once more to epidemic proportions it may 
' be of advantage to review some of the work that has been reported since 
the epidemic of 1918, concerning the clinical phenomena of the disease. Given 
a case of illness with sudden onset, prostration, headache and general body pains, 
with febrile period of fixed duration, and without complications or other causative 
pathology, such as acute tonsillitis, acute coryza, trichiniasis, accessory sinus 
disease, etc., and in the absence of an epidemic, one can say that the condition 
js apparently influenza, but there is no method by which one may prove that it 
is the same disease as that which caused the pandemic of 1918. There is no 
one diagnostic sign or group of signs such as we possess in the exanthemata, by 
which the diagnosis may be finally concluded. It might be helpful to include in 
the description a statement of its extreme contagiousness and its epidemic pro- 
pensities. When contagion can be demonstrated it is surely of help in making 
a clear-cut diagnosis. But there is abundant evidence that in interepidemic 
cases the contagiousness is by no means as great as during the explosive out- 
breaks. 

Nevertheless, epidemic influenza is a clinical entity caused by a specific 
organism, and in all probability the interepidemic cases and surely those post- 
epidemic cases which have occurred since the winter of 1919 are due to the 
same cause. Whether that cause be B. influenze or some other unknown virus 
is not a matter for discussion in this paper. 

What is influenza? This question is no easier to answer than is the equally 
complicated one propounded by Rivers, “What is an influenza bacillus?” It is 
a disease with certain clinical manifestations as indicated above. Unfortunately 
similar manifestations may accompany the onset of other infections not influenza. 
Acute tonsillitis may produce fever, prostration, headache and general body 
aches. Again, sore throat may be present in influenza, although as a rule, this 
is mild and the tonsils do not show exudation, ulceration or the intense local 
inflammation of an acute follicular tonsillitis. Acute coryza is easily distinguished. 
The absence of systemic symptoms, the more profuse and irritating nasal dis- 
charge and the subsequent development of tenacious purulent secretion serve 
to distinguish it from influenza. In the course of the disease we may through 
negative findings rule out the other specific infectious diseases. Perhaps the 
greatest difficulty lies in distinguishing between the mild interepidemic variety 
and cases of tonsillitis and pharyngitis with constitutional symptoms but without 
great visible local pathology. Of help here is the delayed return of strength 
and tonus, the postinfluenzal asthenia which follows even mild infection with 
the true disease, although even this symptom is less pronounced than during 
epidemics. In influenza there is no swelling of the lymph glands of the neck as 
is so often the case in tonsillitis. The presence of leucopenia is a corroborative 
finding of great value. It has further been found that in the postepidemic cases 
of 1919 leucopenia has remained characteristic of the disease.’ 

A dusky erythema of the skin, particularly over the face and neck, has been 
described by Bloomfield and Harrop,? an erythema different from the simple 
flush of fever and not dependent on cyanosis; one which persisted into convales- 
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cence and was often followed by desquamation. It is likened in character to 
that accompanying scarlet fever or urticaria, or following burns. They also 
describe intense hyperemia of the mucous membrane of the buccal cavity some- 
what similar to that seen after the application of a chemical irritant such as 
adrenalin, and which usually subsided after two or three days. The skin ery- 
thema has been described by many writers.” **® The face appears hot and 
flushed. ‘This, with the conjunctival injection and slight coryza, resembles the 
appearance of an early measles patient in whom the rash is not yet distinct. At 
times the influenza rash may be punctate in character. Bloomfield reports that 
among the postepidemic cases studied the skin and mucous membrane lesions 
have been present in only slight degree. In them the mucous membrane hyper- 
emia is indicated only by a slight diffuse reddening of the pharynx, pillars and 
soft palate, and is accompanied by swelling of the lymphoid tissue of the pharyn- 
geal wall. 

Hemorrhagic tendency is indicated by epistaxis, hemoptysis, precocious men- 
struation, profuse bleeding in abortion, and more rarely, hematemesis and 
purpura. 

Arrived at a consideration of those cases which have developed pulmonary 
symptoms—bronchitis or pneumonia—we are again confronted with an ab- 
sence of pathognomonic physical signs. One of the most constant and one which 
aids greatly in establishing the diagnosis, is the unusual degree of cyanosis which 
is most easily recognized on the mucous membrane of the lips and on the cheeks 
and ears. This sign comes early, in fact is considered by some to accompany the 
uncomplicated influenza. We do not know of any work that has been done to 
determine how early in the disease it occurs. Harrop’ uses the term cyanosis 
synonymously with the “dusky erythema” previously referred to. The majority 
of observers speak of the cyanosis as a manifestation of complicating pulmonary 
involvement. 

The cyanosis exists to an extent out of all proportion to the amount of 
In fact in the early pneumonia there is relatively little increase 


dyspnea present. 
The cause of cyanosis has received considerable study. 


in respiratory rate. 
Torrey and Grosh* report that a large proportion of their series of cases during 
the epidemic exhibited clinical signs of pulmonary emphysema. There was an 
apparent increase in the circumference of the chest during the illness, shallow 
respiratory excursion, tympany under the sternum, vertebral column and much 
of the precordium, low standing diaphragm and often bulging supraclavicular 
fosse. At autopsy the lungs showed well-formed rib markings and emphysem- 
atous bullae under the visceral pleura. The lungs could not be ‘collapsed by 
pressure, and even the apparently solid portions floated high in water. ‘The lung 
tissue was usually fairly tough at the apices, but extremely friable at the bases 
where it was easily disintegrated under moderate pressure. ‘Torrey and Grosh 
conceive of damage to the parenchyma, done perhaps by interference with the 
normal blood supply by the nodules of peribronchial infiltration, and subsequent 
rupture of the damaged alveolar walls. Their explanation of the cyanosis, as 
well as the dyspnea and the epistaxis, is in the pulmonary emphysema which, 
through increasing the intrathoracic pressure, caused some degree of venous 
stasis. In support of their theory they state that in those rather frequent cases 
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which developed interstitial emphysema, there was an immediate amelioration of 
symptoms, with lessened respiratory distress, diminished signs of thoracic in- 
fation, and some lessening of the cyanosis. The fall in intrathoracic pressure 
following passage of the air into the tissues of the mediastinum lessened, in their 
opinion, the venous stasis. 

\\hether or not we accept this explanation for the cyanosis, two facts men- 
tioned by these authors have been established in the experience of many ob- 
servers during the last epidemic. The pathologists in particular have had oppor- 
tunity to observe the damaged alveolar walls’ with frequent emphysematous 
patches, and all clinicians who have treated any large number of cases can re- 
port instances of interstitial emphysema in which the air often passed not only 
into the upper and lower mediastinum, but up through the fascial tissues of 
the neck. In extreme cases the emphysema involved the subcutaneous tissue 
from) the region of the eyes downward to the groin. A case reported by Clark 
and Synnott’® is of interest in that the discovery of gas in the mediastinal tis- 
sues at autopsy explained some very unusual sounds heard through the stetho- 
“over the precordium rales very similar to sounds elicited with moderate 


scope : 
pressure of stethoscope over emphysematous cutaneous tissue” were heard. 


Kelman"! observed the frequency of vesicular emphysema which, in her 
experience, was usually marginal with not infrequent emphysematous bull dis- 
covered substernally. The roots of the lungs were also quite commonly involved. 
She also observed the dyspnea and cyanosis which were out of proportion to the 
amount of lung involvement. Experimenting on rabbits, with artificial pressure 
inflation of the lungs, she reached the following conclusions: ‘Increased intra- 
pulmonary pressure causes rupture of some of the superficial distended air 
vesicles and there is an escape of air underneath the visceral pleura, which is 
rather firm. The air finds less resistance in escaping underneath the pleura 
toward the hilus than to break through the pleura. From the hilus it travels 
along the pleural reflexions over the pulmonary arteries and veins to where it 
meets the pericardial reflexions over the same vessels, the tissues of the medias- 
tinum, especially the pericardium and pericardial fat, thence it extends to the 
superior mediastinum and passes downward into the retroperitoneal tissues—the 
perirenal tissues being most commonly invaded.” It may pass on down by the 
great vessels into the thigh, or superiorly, following the subclavian into the axil- 
lary space. That she did not produce cervical emphysema is explained in part 
by the fact that the neck tissues of the rabbit had been opened for tracheotomy. 
Kelman showed that in death from anaphylaxis both vesicular and interstitial 
emphysema may be present. She also showed in living rabbits that emphysema 
itself was capable of producing dyspnea and cyanosis. She conceives of the 
vesicular emphysema of influenza as resulting from the strain of coughing on 
lung tissue damaged by the influenza toxin. 

Hoover™ studied cyanosis and dyspnea in gassed soldiers. The probable 
cause as described by him might play some part in the cyanosis of influenza 
pneumonia. Foam in the exudate of the alveoli interferes with the normal trans- 
ier of oxygen and carbon dioxide between the alveolar air and the blood. Any 
portion of the respiratory membrane which is covered by alveolar air foam is 
deprived of its normal respiratory function, both for the escape of carbon diox- 
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ide and for the absorption of oxygen. If a lobe of the lung is filled with this 
foam, the surface area for gaseous interchange is no longer the very large area 
of the respiratory epithelium of the lobe, but the cross section of the bronchus 
leading to the lobe,—the surface area of the foam in the bronchus. Hoover 
showed that gassed soldiers, whose lungs contained much alveolar foam, when 
breathing pure oxygen, recovered within a few minutes from their cyanosis but 
obtained no relief from the associated dyspnea. Within these few minutes the 
pure oxygen had been well mixed with and absorbed in the alveolar foam, thence 
gaining access to the blood and relieving the cyanosis. But the concentration of 
carbon dioxide in the foam remained the same as when atmospheric air was 
being breathed and the amount in the blood remained unchanged, so the dyspnea 
persisted. Hoover’s work was reported before the epidemic of 1918 but a case 
described by him may be quoted as an example of the type. “A young man who 
had bronchitis with an abundance of moisture in his air spaces, had pronounced 
cyanosis of the lips and fingers. There was only a moderate dyspnea. It did 
not amount to air hunger. There were no demonstrable areas of consolidation in 
the lung. * * * He breathed oxygen through the closed system and after he 
had inhaled it for about three minutes, all traces of cyanosis disappeared. But 
he breathed with exactly the same rate and volume as when he was breathing 
atmospheric air.” 

The oxygen and carbon dioxide content of expired air corresponds to blood 
content of these gases only so long as the entire alveolar respiratory membrane 
is functioning properly. When moisture covers portions of the alveoli the gas- 
eous tension of the alveolar air no longer corresponds necessarily to that of the 
blood, and furthermore the variation may be unequal in the case of the two 
gases. 

That the cyanosis of influenza pneumonia is mechanical rather than bio- 
chemical is indicated by the work of Harrop’ who found that both the oxygen 
content and oxygen unsaturation of the venous blood showed normal values in 
both uncomplicated influenza and influenza pneumonia, and particularly by the 
work of Stadie’® who confirmed these results and further showed that an in- 
crease of cyanosis was accompanied by an increase of unsaturation of the arte- 
rial blood. The cyanosis is then due to incomplete saturation of venous blood 
with oxygen in the lungs. Neither Stadie nor Harrop found any decrease in the 
oxygen carrying capacity. Methemoglobin formation, if it did occur at all, could 
not have been present to such an extent as to have been a factor in producing the 
cyanosis. 

A discussion of the clinical phenomena of the disease would scarcely be 
complete without brief mention of the characteristic lung picture at necropsy. 
Here at last we may find signs that promise to give as reliable evidence as do 
Koplik’s spots in measles, or rose spots in typhoid fever. The particular lesion 
has been described by Wolbach,® Goodpasture and Burnett't and by MacCallum” 
and consists in dilation of the alveolar ducts with a hyaline membrane partially 
or completely covering their walls and sometimes those of subtended alveoli. 
These are the pathologic reactions which have been found in no other disease, 
but other pathologic changes accompany these and are found elsewhere in the 
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jung substance. The other changes are similar in character to those described 


by MacCallum in post measles pneumonia. 
"In conclusion we may state that influenza is a disease of unknown or 
undemonstrated etiology which bears many clinical characteristics analogous to 
those of measles and kindred exanthemata. 
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—W. T. V. 


A Medical Man’s Opinion Concerning Universal Military Training 


AM often asked whether I approve of Universal Military Training. Under 
certain conditions I do; under other conditions I do not. 

If we are to have Universal Military Training and our sons are to be mobi- 
lized and sent to camps in the way that was done in 1917, I am unalterably op- 
posed to Universal Military Training. Under these conditions I would feel that 
it would be criminal to advise those who have confidence in me to permit their 
sons to be mobilized and encamped as they were in 1917. At that time it was 
pointed out to the authorities that the method of mobilization then followed 
would gather into the camps all infections existing in the areas from which the 
soldiers came. The drafted men were brought together in villages and cities, 
they came clean and unclean, bearing the bacteria of all the homes and localities 
from which they came. In their ordinary clothing they were huddled together 
until a certain number accumulated, when they were placed on troop-trains and 
sent to the designated camp. In the fall of 1917 not a troop train reached 
Camp Wheeler without having on board from one to six cases of fully developed 
measles. 

The men on this train had been en route for from twelve to forty-eight 
hours. Practically every man on every train, certainly every man in certain 
cars, had been exposed to measles. ‘To control the disease under these condi- 
tions is beyond the power of the most skillful epidemiologist. 

In the spring of 1918, several hundred drafted colored men were assembled 
at Montgomery, Alabama. As in other instances they came in their ordinary 
clothing, more or less soiled, generaily more, bringing the bacterial flora of 
hundreds of cabins in the State. They were held together until the desired num- 
ber assembled, then they were placed on troop trains and after a journey of 
from two to three days reached Camp Custer. Some sixty cases of streptococcus 
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pneumonia were taken directly from the train to the base hospital, and within 
a month the type of pneumonia throughout the whole division at Camp Custer 
Instances of this kind might be multiplied many times. What 
was the result? This can be ascertained by comparing the death rates from the 


different infectious diseases in the camps with the death rates in those who re- 
When we make this com- 


was changed. 


mained at home, belonging to the same age group. 


parison, what do we find? The death rate from pneumonia per 100,000 was 9 


times greater in the army; from meningitis, 15 times greater; from scarlet fever, 
2.5 times greater; from diphtheria 1.1 times greater; from measles 6 times 
greater; from all causes 1.2 times greater. It must be remembered that tuber- 
culosis was largely excluded. The mortality from this disease was 8 times 
greater in the civilians of that age group. 

If Universal Military Training is to be adopted, the health of those mobi- 
lized and called to camp must be so guarded that the death rate must not be 
Can this be done? [| 


higher than among those of the same age group at home. 


think that it can, but if it is done, the examination of men to be sent to the camps, 
their mobilization in their home neighborhood, their transportation, their care 
after they reached camp must be under the control of our best epidemiologists. 


In 1917, army officers stated with truth that the purpose of mobilization is 
not to make a demonstration in preventive medicine, but to assemble civilians, 
and to convert them into efficient soldiers as quickly as possible. This explana- 
tion was valid at the time, and under the then existing conditions; it would not 
be valid in peace times. Our unpreparedness in 1917, and the hurried mobiliza- 
tion of troops and their intensive training were absolutely necessary. It was 
suggested at that time that more sanitary methods of mobilization and handling 
the drafted men might be put into practice. If we are to have Universal Military 
Training, the young men of the designated age should be assembled in groups 
of not more than 30, carefully examined, stripped of their ordinary clothing, 
barbered, bathed, and put in sterilized uniform, then they should be held in 
quarantine in some armory hall or in tents or possibly they might be under cer- 
tain conditions billeted. They should be held for at least 14 days with daily 
examinations, of course with the exclusion of any infection that might occur 
during this time. During this period they should receive their vaccinations and 
at the end of this period each group should be placed in a car, not a troop train, 
or at least each group should be isolated and sent to the camp. After reaching 
the camp the isolation of each group should be continued during 14 days longer. 
This would not mean that they could not be drilled and put through proper 
exercise during this time. All drilling might be done with the groups while 
detached; in addition to this the camps must be in perfect sanitary condition. 
There is no difficulty in securing this. Our camps in 1917 and 1918 were in 
better sanitary condition by far than the average village or city in the United 
States. It may be asked whether one has a right to assume that under conditions 
as just specified our young men could be mobilized without increased death 
rate. In our larger universities from five to twelve thousand young men and 
women from all parts of the world assemble every fall without an increased 
death rate. In my opinion this renders it not only highly probable but quite 
certain that under proper conditions, mobilization of the young could be practiced 
without increased morbidity or mortality. 





EDITORIALS 409 


The S. A. T. C. had in it the germ of great possibility of good. It was 
hurriedly and imperfectly conceived and put into being. The epidemic of 
influenza came and wrought havoc. The war ended and the people in general 
are sick of everything military. We will probably continue in this attitude until 
we are forced to mobilize hurriedly as we did in 1917 with the same great loss 
of life. I certainly believe that physical training with physical, not military 
drill, should be introduced into all of our high schools. Every young person 
attending these schools, girls as well as boys, should undergo a careful physical 
examination, not a perfunctory one, at least once a year, better twice a year, and 
all should be drilled, not military drill, but in the most approved forms of physical 
training. It is to be hoped that our school authorities will appreciate the value 
of physical training. I would be opposed to military drill in our high schools. 
Military maneuvers do not furnish the best forms for the physical education of 
the young. The periodical examinations should enable us to group our young 
men and women and point out to each what manner of life is best suited to his 
or her physical condition. Hundreds with incipient tuberculosis go into occupa- 
tions and professions which hasten the development of this disease. If it had 
been recognized in its earliest incipiency, the individual might have been guided 
and instructed in some other vocation, which would have been more suitable to 
his physical condition. In the past we have waited until the young man has 
established himself in some trade or profession when he shows signs of develop- 
ing tuberculosis and we say, he must go and live an outdoor life. The lawyer, 
the doctor, the manufacturer, the carpenter, after they have established them- 


selves in a special line of work must become a gardener or a farmer. He soon 
finds that as gardener or farmer he is not a success. He can work successfully 
only in the trade or profession which he has learned. He goes back to the shop, 
the office, the counting room, spreads tuberculosis among his fellows, and dies 


from the disease himself. 
I certainly believe in physical preparedness of the race, but attempts to pro- 
vide for it must be scientific and not haphazard. 


—V.C. V. 





Raise In Subscription Price 

With the February issue of the Journal of Laboratory and Clinical Medi- 
cine, the subscription price will be raised to $5.00. As a reason for this increase, 
we only need to point to the fact that cost of printing and paper, and the making 
of illustrations, has increased from one hundred to three hundred per cent since 
the Journal was started four years ago. 

The publishers feel that the readers of this Journal prefer to pay an addi- 
tional cost of two dollars a ‘year rather than have the quality of the Journal 


lowered in any particular. 


Government Needs Physicians 


The United States Civil Service Commission announces that a large num- 
ber of physicians are needed for employment in the Indian Service, the Public 
Health Service, the Coast and Geodetic Survey, and the Panama Canal Service. 
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30th men and women will be admitted to examinations, but appointing officers 
have the legal right to specify the sex desired when requesting the certification 


of eligibles. 
Entrance salaries as high as $200 a month are offered, with prospect of pro- 
motion in some branches to $250, $300, and higher rates for special positions. 
Further information and application blanks may be obtained from the sec- 
retary of the U. S. civil service board at Boston, New York, Philadelphia, At- 
lanta, Cincinnati, Chicago, St. Paul, St. Louis, New Orleans, Seattle or San 
Francisco, or from the U. S. Civil Service Commission at Washington, D. C. 





